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(54) Organic electroluminescent device 

(57) In an organic EL device comprising organic lay- 
ers between a pair of electrodes participating in at least 
a light emitting function, at least one organic layer con- 
tains an organic compound selected from naphthacene, 
tetraaryldiamine, anthracene and quinoxaline deriva- 
tives as a host material and an organic compound hav- 



ing a specific skeleton, typically diindeno[1 ,2,3-c&.V,2 t 
3'-lm]perylene derivative as a dopant. The device is ca- 
pable of light emission to a satisfactory luminance, es- 
pecially in a long wavelength region, and with a chro- 
matic purity sufficient for use in full color displays, and 
had a sufficient durability to sustain such improved light 
emission performance over a long time. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

[0001J This invention relates to an organic electroluminescent (EL) device, and more particularly, to a compound for 
use in a dev.ce of the type wherein an electric field is applied across a thin film of an organic compound to emit light. 

Background Art 

[0002] Organic electroluminescent (EL) devices include a thin film containing a luminescent organic compound in- 
terleaved between an electron injecting electrode and a hole injecting electrode. Electrons and holes are injected into 
the thin film where they are recombinedto create excitons. Light is emitted by utilizing luminescence (phosphorescence 
or fluorescence) upon deactivation of excitons. 

[0003] The organic EL devices are characterized by plane light emission at a high luminance of about 1 00 to 1 0 000 
cd/m* with a voltage of about 1 0 volts and light emission in a spectrum from blue to red color by a simple choice of the 
type of fluorescent material. 

[0004] Doping is one technique for producing light emission of any desired color from organic EL devices It was 
reported in Jpn. J. Appl. Phys., 10, 527 (1971) to change emission color from blue to green by doping anthracene 
crystals with a minor level of tetracene. With respect to organic thin film EL devices having a multilayer structure it 
was reported in JP-A 63-264692 to incorporate in a host material having a light emitting function a minor amount of a 
fluorescent dye capable of emitting light different from that of the host material in response to light emission from the 
host matenal as a dopant to form a light emitting layer, thereby changing the color of light emission from green to 
orange or red. ~ 

[0005] With respect to long wavelength light emission of yellow to red, known light emitting materials or dopant 
materials include laser dyes capable of red oscillation (EPO 281381), compounds capable of exciplex emission (JP- 
f,f 1 5 o! 88) ' Pery ' ene com P° unds < Jp - A 3 - 791 >. cou ™™ compounds (JP-A 3-792), dicyanom ethylene compounds 
(JP-A 3-1 62481), thioxanthene compounds (JP-A 3-1 77486), mixtures of a conjugated polymer and an electron trans- 
porting compound (JP-A 6-73374), squalirium compounds (JP-A 6-93257), oxadiazole compounds (JP-A 6-136359) 
oxynate derivatives (JP-A 6-145146), and pyrene compounds (JP-A 6-240246). 

[0006] It is reported in J. Am. Chem. Soc, 1 1 8, 2374-2379, 1 996, that benzofluoranthene derivatives have a very 
high fluorescent quantum yield. JP-A 10-330295 and JP-A 11-233261 disclose organic EL devices having a light emit- 
ting layer in which a variety of host materials are doped with dibenzoff ,f ']diindeno[1 ,2,3-cd: 1 \2',3'-lm]pervlene deriva- 
tives derived from benzofluoranthene. 

[0007] Other light emitting materials disclosed heretofore include condensed polycyclic aromatic compounds (JP-A 
5-32966 and 5-214334). Also dopant materials proposed heretofore include various condensed polycyclic aromatic 
compounds (JP-A 5-258859). 

[0008] However, when these materials are used as the dopant, EL devices often fail to allow dopant molecules to 
exert their own fluorescence due to the interaction between dopants or between the dopant and the host 
[0009] Therefore, with respect to organic EL devices of the type in which a host material is doped with a fluorescent 
dye, a choice of host material is an important and difficult task in order for the device to produce high efficiency light 
emission. Currently available organic EL devices fail to reach a practically acceptable level of emission efficiency 
although fluorescent dyes having a high fluorescent quantum yield are used as the dopant 

[0010] When organic EL devices are fabricated using the doping technique, the energy transfer from host molecules 
in the exc.ted state to the dopant is not 100%, and often not only the dopant, but also the host material emit light 
Espeaally in the case of red light emitting devices, the chromatic purity is often exacerbated by faint light emission of 
the host material since the host material emits light in a wavelength region of higher visibility than the dopant Further 
improvements in properties pertaining to the luminous lifetime and durability are needed, with the target placed on 
practical application. 

SUMMARY OF THE INVENTION 

[001 1] An object of the invention is to provide an organic EL device capable of light emission to a satisfactory lumi- 
nance, especially in a long wavelength region, and with a chromatic purity sufficient for use in full color displays and 
having a sufficient durability to sustain such improved light emission performance over a long time 
[0012] The above and other objects are achieved by the invention which is defined below 



EP1 148 109 A2 



[1] An organic EL device comprising one or more organic layers between a pair of electrodes participating in at 
least a light emitting function, 

at least one of the organic layers containing at least one of organic compounds having basic skeletons of 
the following formulas (I) to (IV) and at least one organic compound having a skeleton of the following formula (V) 
at the same time: 





Q 4 


Q 3 








! *i Ss r 






(i) 


Q 1 


Q 2 


A Qft 





wherein Q 1 to Q 8 are independently hydrogen or substituted or unsubstituted alkyl, aryl, amino, heterocyclic or 
alkenyl radicals, 




wherein R 1( R 2 , R 3 and R 4 are independently aryl, fluorene, carba2olyl, alkyl, alkoxy, aryloxy, amino or halogen 
radicals, at least one of R 1 , R 2 , R 3 and R 4 is aryl, r1 , r2, r3 and r4 each are 0 or an integer of 1 to 5, with the proviso 
that r1 , r2, r3 and r4 are not 0 at the same time, R 5 and R 6 are independently alkyl, alkoxy, amino, aryl or halogen 
radicals and may be the same or different, r5 and r6 each are 0 or an integer of 1 to 4, 



wherein A 101 is a monophenylanthryl or diphenylanthryl radical and may be the same or different, L is hydrogen, 
a single bond or an n-valent linkage, and n is an integer of 1 to 4, 

Qn- L 101 (IV) 

wherein Q is a pyrazinyl radical having fused thereto a six-membered aromatic ring containing 0 to 2 nitrogen 
atoms and may be the same or different, n is 2 or 3, and L 101 is a single bond or n-valent radical, 
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(V) 



15 



20 



25 



30 



35 



40 



wherein X, to X 10 , L, and L 2 are independently hydrogen, halogen atoms, straight, branched or cyclic alky! radicals 
which may have substituents, straight, branched or cyclic alkoxy radicals which may have substituents straight 
branched or cyclic alkylthio radicals which may have substituents, straight, branched or cyclic alkenyl radicals 
which may have substituents, straight, branched or cyclic alkenyloxy radicals which may have substituents straight 
branched or cyclic alkenylthio radicals which may have substituents, substituted or unsubstituted aralkyl' radicals' 
substituted or unsubstituted aralkyloxy radicals, substituted or unsubstituted aralkylthio radicals, substituted or 
unsubstituted aryl radicals, substituted or unsubstituted aryloxy radicals, substituted or unsubstituted arylthio rad- 
icals, substituted or unsubstituted amino radicals, cyano, hydroxyl, -COOFP radicals (wherein R' is hydrogen a 
substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubstituted straight 
branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical or a substituted or unsubstituted 
aryl radical), -COR* radicals (wherein R2 is hydrogen, a substituted or unsubstituted straight, branched or cyclic 
alkyl radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a substituted or unsubsti- 
tuted aralkyl radical, a substituted or unsubstituted aryl radical or an amino radical), or -OCOR3 radicals (wherein 
R3 is a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubstituted straight 
branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical, or a substituted or unsubstituted 
aryl radical), or at least two adjoining radicals selected from X, to X 10 , L-j and L 2 may bond or fuse together to form 
a substituted or unsubstituted carbocyclic aliphatic ring, aromatic ring or fused aromatic ring with the carbon atoms 
to which they are attached, or and L 2 each may be a single bond, n is 1 or 2. 

[2] The organic EL device of [1 ] wherein the at least one of the organic layers contains a host material and a dopant 
said host material comprises at least one compound selected from the organic compounds havinq basic 
skeletons of the formulas (I) to (IV) and 

said dopant comprises at least one compound selected from the organic compounds having a skeleton of 
the formula (V). 

[3] The organic EL device of [1] or [2] wherein in formula (V), at least two adjoining radicals selected from X, to 
X 10 , L 1 and L 2 bond or fuse together to form a substituted or unsubstituted carbocyclic aliphatic ring, aromatic ring 
or fused aromatic ring with the carbon atoms to which they are attached. 

[4]The organic EL device of any one of [1 ] to [3] wherein the compound of formula (V) is a compound of the following 



45 



50 



X 20 X 19 Xg X 1Q 




X-|6 X 6 X 5 



(VI) 



55 



wherein X, to X 6 , X 9 , X 10 , X„ to X 16 , X 19 andX 20 are independently hydrogen, halogen atoms, straight, branched 
or cyclic alkyl radicals which may have substituents, straight, branched or cyclic alkoxy radicals which may have 
substituents, straight, branched or cyclic alkylthio radicals which may have substituents, straight branched or 
cyclic alkenyl radicals which may have substituents, straight, branched or cyclic alkenyloxy radicals which may 
have substituents, straight, branched or cyclic alkenylthio radicals which may have substituents substituted or 
unsubstrtuted aralkyl radicals, substituted or unsubstituted aralkyloxy radicals, substituted or unsubstituted ar- 
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alkylthio radicals, substituted or unsubstituted aryl radicals, substituted or unsubstituted aryloxy radicals, substi- 
tuted or unsubstituted arylthio radicals, substituted or unsubstituted arylalkenyl radicals : substituted or unsubsti- 
tuted alkenylaryl radicals, substituted or unsubstituted amino radicals, cyano, hydroxyl, -COOR 1 radicals (wherein 
R 1 is hydrogen, a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubsti- 
tuted straight, branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical or a substituted or 
unsubstituted aryl radical), -COR 2 radicals (wherein R 2 is hydrogen, a substituted or unsubstituted straight, 
branched or cyclic alkyl radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a sub- 
stituted or unsubstituted aralkyl radical, a substituted or unsubstituted aryl radical or an amino radical), or -OCOR 3 
radicals (wherein R 3 is a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or 
unsubstituted straight, branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical, or a sub- 
stituted or unsubstituted aryl radical), or at least two adjoining radicals selected from X 1 to X 20 may bond together 
to form a substituted or unsubstituted carbocyclic aliphatic ring, aromatic ring or fused aromatic ring with the carbon 
atoms to which they are attached. 

[5] The organic EL device of [4] wherein the compound of formula (VI) is a compound of the following formula (VI'): 



X«51 X 



^20 X 19 Xg X 1Q 




X 15 X 16 *6 X 5 



(VI") 



wherein to X44 are as defined for X, to X^ in formula (VI). 

[6]The organic EL device of [4] or [5] wherein X, to X^ in formula (VI) and X, to X M in formula (VP) are independently 
substituted or unsubstituted aryl, alkyl, alkenyl, alkoxy or aryloxy radicals. 

[7] The organic EL device of any one of [4] to [6] wherein at least one of X 1 to X 20 in formula (VI) and X 1 to X^ in 
formula (VI') is an ortho-substituted phenyl radical. 

[8] The organic EL device of any one of [4] to [7] wherein in formula (VI) or (VI'), either one or both of X! and X 4 
and/or either one or both of X^ and X 14 are ortho-substituted phenyl radicals. 

[9] The organic EL device of any one of [1] to [8] wherein said at least one of the organic layers contains at least 
one organic compound having a basic skeleton of the formula (I). 

[1 0] The organic EL device of any one of [1] to [9] wherein said at least one of the organic layers contains at least 
one organic compound having a basic skeleton of the formula (I) and at least one organic compound having a 
basic skeleton of the formula (II) at the same time. 

[11] The organic EL device of any one of [4] to [1 0] wherein at least one of the organic compounds has a vibration 
structure in both an excitation spectrum and a fluorescence spectrum. 

[12] The organic EL device of any one of [4] to [11] wherein at least one of the organic compounds has a Stokes 
shift of up to 0.1 eV. 

[13]The organic EL device of any one of [4] to [12] wherein the host material in a light emitting layer has a greater 
electron affinity than an electron transporting layer and/or a hole transporting layer. 

[14] The organic EL device of any one of [1] to [13] wherein the organic compound having a basic skeleton of the 
formula (I) is one wherein at least two of Q 1 to Q 8 are substituted or unsubstituted aryl radicals. 
[1 5] The organic EL device of [1 4] wherein the organic compound having a basic skeleton of the formula (I) is one 
wherein at least six of Q 1 to Q 8 are substituted or unsubstituted aryl radicals. 

[1 6]The organic EL device of [14] or [15] wherein the organic compound having a basic skeleton of the formula (I) 
is one wherein at least two of Q 1 , Q 2 , Q 3 and Q 4 are substituted or unsubstituted aryl radicals. 
[17] The organic EL device of any one of [14] to [16] wherein the organic compound having a basic skeleton of 
the formula (I) is one wherein at least four of Q 1 , Q 2 , Q 3 and Q 4 are substituted or unsubstituted aryl radicals. 
[18] The organic EL device of any one of [14] to [17] wherein at least two of the aryl radicals represented by Q 1 , 
Q 2 , Q 3 and Q 4 have aryl radicals substituted thereon. 

[19] The organic EL device of any one of [2] to [18] wherein the at least one of the organic layers contains 80 to 
99.9% by weight of the host material. 

[20] An organic EL device wherein at least one of organic layers contains at least one organic compound having 
a basic skeleton of the formula (I) as set forth in [1 6] and at least one organic compound having a basic skeleton 
of the formula (IV). 
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[21] The organic EL device of any one of [1] to [20], further comprising at least one hole injecting and transporting 
layer. 

lfyel he 0r9an '° EL d6ViCe ° f ° f [1 ' t0 1 fUfther COmprising at least one eiectron injecting and transporting 

[23] An organic EL device comprising one or more organic layers between a pair of electrodes participating in at 
least a light emitting function, wherein the one or more organic layers contain organic compounds, at least one of 
which has a vibration structure in both an excitation spectrum and a fluorescence spectrum. 
[24] An organic EL device comprising one or more organic layers between a pair of electrodes participating in at 
least a light emitting function, wherein the one or more organic layers contain organic compounds, at least one of 
which has a Stokes shift of up to 0.1 eV. 

[25] The organic EL device of [24] wherein a host material in a light emitting layer has a greater electron affinity 
than an electron transporting layer and/or a hole transporting layer. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] 

FIG. 1 is a schematic cross-sectional view showing the basic construction of an organic EL device according to 
the invention. 

FIG. 2 is a diagram showing the excitation and fluorescence spectra of the host material and dopant used in 
Example. 

FIG. 3 is a diagram showing the excitation and fluorescence spectra of the host material and dopant used in 
Comparative Example. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

[0014] According to the invention, an organic EL device having a high luminous efficiency and a long lifetime is 
obtained by combining an organic compound of formula (V) or (VI) with at least one of organic compounds of formulas 
(I) to (IV), especially by combining an organic compound of formula (V) or (VI) as a dopant with an organic compound 
of formula (I) as a host material. First the organic compounds useful as the host material are described in detail. 

Host materials 
Naphthacene compounds 

[001 5] One class of organic compounds useful as the host material according to the invention have a basic skeleton 
of the following formula (I). 

[001 6] In the device of the invention, the use of the naphthacene derivative, preferably as the host material helps 
induce strong light emission from the dopant. 

[001 7] Naphthacene derivatives belong to a class of preferable organic compounds, especially effective as the host 
material, among others. For example, the fluorescence intensity of a film of a naphthacene derivative of host material 
m example 1 doped with 1 wt% of a dibenzo[f,f]diindeno[1 ,2,3-cd:1 \2\3'-lm]peryIene derivative of dopant material in 
Example 1, as measured on photoexcitation, is about 2 times the fluorescence intensities of films of other orqanic 
compounds (e.g., Alq3) as the host. 

[001 8] The reason why such intense fluorescence is produced is presumably that the combination of a naphthacene 
derivative with the above dopant is an ideal combination that avoids interaction such as formation of an exciplex and 
bipolar interaction between the respective molecules maintains a high intensity of fluorescence. 
[0019] In the event of a red dopant, since the energy gap of a naphthacene derivative is relatively approximate to 
that of the dopant, an energy transfer phenomenon due to emission resorption takes place as well as energy transfer 
by electron exchange. This accounts for a high fluorescence intensity as well. 

[0020] The combination with the above host material minimizes the concentration quenching of the dopant which 
also accounts for a high fluorescence intensity. 

[0021] In an exemplary organic EL device which was fabricated using the above doped film as a light emitting layer 
a luminance of at least 600 cd/m* at maximum was obtained at a current density of 1 0 mA/cm* and a drive voltage as 
low as about 6 V. When operated at a current density of about 600 mA/cm*. the device consistently produced a lumi- 
nance of greater than about 20,000 cd/m*. As compared with other organic compounds (e.g., Alq3) serving as the 
host this provides a luminous efficiency greater by a factor of about 4 when assessed in terms of current efficiency 
and because of possible driving at a lower voltage, a luminous efficiency greater by a factor of about 5 when assessed 
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in terms of power efficiency. In the event of doping with a red dopant as in the above example, entailing the high 
efficiency of energy transfer from the host to the dopant, the device is characterized by a high chromatic purity in that 
only the dopant produces light emission, with little light emission from the host being observable. 
[0022] It is believed that such a very high luminous efficiency exerted when organic EL devices are fabricated is due 
to the effects of an improved recombination probability of carriers in the light emitting layer and a singlet excitation 
state that the dopant forms as a result of energy transfer from the triplet excitation state of naphthacene, as well as 
the above-mentioned mechanism of providing a high fluorescence intensity. 

[0023] As opposed to conventional organic EL devices whose drive voltage is increased by carrier trapping of the 
dopant, the inventive organic EL device using the above-mentioned light emitting layer has a very low drive voltage, 
because the order of carrier trapping of the dopant is low and high efficiency light emission is accomplished by the 
above-mentioned mechanism. Another accomplished by the above-mentioned mechanism. Another probable reason 
is the ease of injection of carriers into the light emitting layer. 

[0024] Since the naphthacene derivative is very stable and highly durable against carrier injection, the device fabri- 
cated using the above host-dopant combination has a very long lifetime. For example, an organic EL device having a 
light emitting layer of a compound of formula (VII') doped with 1 wt% of a dibenzolf.f'jdiindenotl^^-cdil'.^^'-lm] 
perylene derivative of dopant material in Example 1 is highly durable as demonstrated by its ability to sustain a lumi- 
nance of at least 2,400 cd/m 2 over a period of 1 ,000 hours or longer, with an attenuation of less than about 1%, when 
driven at 50 mA/cm 2 . 

[0025] In organic EL devices as mentioned above, the dopant concentration ensuring a chromatic purity and maxi- 
mum efficiency is about 1% by weight although dopant concentrations of about 2 or 3% by weight lead to devices which 
are practically acceptable albeit a drop of less than about 10%. 




[0026] In formula (I), Q 1 to Q 4 are independently selected from among hydrogen and substituted or unsubstituted 
alkyl, aryl, amino, heterocyclic and alkenyl radicals. Preferred are aryl, amino, heterocyclic and alkenyl radicals. It is 
also desirable that Q 2 and Q 3 are these preferred radicals and Q 1 and Q 4 are hydrogen. 

[0027] The aryl radicals represented by Q 1 to Q 4 may be monocyclic or polycyclic, inclusive of fused rings and a 
collection of rings. Those aryl radicals having 6 to 30 carbon atoms in total are preferred and they may have substituents. 
Preferred examples of the aryl radical include phenyl, o- f m- andp-tolyl, pyrenyl, perylenyl, coronenyl, 1- and 2-naphthyl, 
anthryl, o-, m- and p-biphenylyl, terphenyl and phenanthryl. 

[0028] The amino radicals represented by Q 1 to Q 4 may be selected from among alkylamino, arylamino, aralkylamino 
and analogous radicals. They preferably have aliphatic radicals having 1 to 6 carbon atoms in total and/or aromatic 
carbocyclic radicals having 1 to 4 rings. Illustrative examples include dimethylamino, diethylamino, dibutylamino, diphe- 
nylamino, ditolylamino, bisdiphenylylamino, and bisnaphthylamino radicals. 

[0029] The heterocyclic radicals represented by Q 1 to Q 4 include 5- or 6-membered ring aromatic heterocyclic rad- 
icals containing O, N or S as a hetero atom, and fused polycyclic aromatic heterocyclic radicals having 2 to 20 carbon 
atoms. Examples of the aromatic heterocyclic radicals and fused polycyclic aromatic heterocyclic radicals include 
thienyl, furyl, pyrolyl, pyridyl, quinoiyl, and quinoxalyl radicals. 

[0030] The alkenyl radicals represented by Q 1 to Q 4 are preferably those having a phenyl group as at least one 
substituent, such as 1 - and 2-phenylalkenyl, 1 ,2- and 2,2-diphenylalkenyl, and 1 ,2,2-triphenylalkenyl although unsub- 
stituted alkenyl radicals are acceptable. 

[0031 ] When Q 1 to Q 4 are substituted radicals, at least two of the substituents are preferably aryl, amino , heterocyclic, 
alkenyl or aryloxy groups. These aryl, amino, heterocyclic and alkenyl groups are as illustrated above for Q 1 to Q 4 . 
The aryloxy groups to substitute on Q 1 to Q 4 are preferably those of aryl groups having 6 to 1 8 carbon atoms in total, 
for example, o-, m- and p-phenoxy. At least two of these substituents may form a fused ring. Also, these substituents 
may be further substituted ones, in which preferred substituents are as described above. 

[0032] When Q 1 to Q 4 have substituents, it is preferred that at least two of the substituents have the above-described 
substituents. The position of substitution is not particularly limited and may be a meta, para or ortho position. Q 1 and 
Q 4 . and Q 2 and Q 3 in the respective pairs are preferably identical although they may be different. 
[0033] Q 5 to Q 8 are independently selected from among hydrogen and substituted or unsubstituted alkyl, aryl, amino, 
heterocyclic and alkenyl radicals. 
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r^LIrf 6 ?*? rad ! Ca ' S represen,ed b * Q5 10 08 are P re,erab| y * h °se of 1 to 6 carbon atoms, which may be straight 
K rieo and tert penM ^ * *" alky ' radiCa ' inC ' Ude ^ and n "' '"' sec " an « tert-butyf, n-, 

[0035] The aryl amino and alkenyl radicals represented by Q* to Q8 are as illustrated above for Qi to Q4 qs and 
Q>, and Q7 and Q* in the respective pairs are preferably identical although they may be different 

excluded" ' S Pr6ferred that rUt>rene °' f0rmU ' a (l) Wherei " a " Q1 10 ° 4 are Ph6nyl and a " Q5 10 Q8 are h y dr °9 en be 

Ko jszsrss' derivative contained in ,he ,ight emittin9 ,ayer shouid preferabiy have a basic ske,e,on ° f 




(VII) 



[0038] In formula (VII), Q« to Q« Q* to Q» Q 3, t0 Q 33 and Q41 10 Q43 are hydr , amjno heterocvc|jc 

aryloxy or alkenyl radicals. Preferably the Q's in at least one of these sets are radica.s having subs«uente sSd 

££«Tp 9 r-r™' h , eter ° CyCliC and ary ' 0Xy 9r ° UpS - TW0 or more of ,hesa Q ' s ma V a fused ring 
04 pL. h foil f ^ ° f A h f aiyl ' amino ' heterocyclic and aryloxy radicals are as exemplified above for Qi to 

a^n^ 

[0040J The amino groups substituting on Q" to Q13 Q2i to Q™, Q31 to Q33 and to Q« ma y be selected from 
TclZl I ,amm0 ' 7' am 7' aralkylamino and analogous groups. They preferably have aliphatic groups having 1 to 

vlamfno ST, " ^ ar ° mat,C Ca * oc ** ! 9r ° UpS " aving 1 to 4 ll,ustrative ^P'** include dimeth 
ylamino, d.ethylam.no, dibutylamino, diphenylamino, ditolylamino, and bisbiphenylylamino groups 

^Ll^™,* i ? C ' Ude ind6ne ' napntha,ene - anthracene, phenanthrene, quinoline, isoquinoline. 

zoturan, acridone, benzimidazole, coumarin, and flavone 

aTgtn?^ 
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10 



15 




(VII') 



20 [0043] In formula (VII'), Q 51 to Q 55 and Q 21 to Q. 25 are the same as Q 11 in formula (VII). 

[0044] Illustrative examples of the preferred naphthacene derivatives used herein are given below as IB-1 to IB-1 89. 
The substituents Q 1 to Q 8 are denoted as Q 10 to Q 80 . 
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[0045] Other illustrative examples of the preferred naphthacene derivatives used herein are given below as IIB-1 to 
IIB-32 and IIIB-1 to IIIB-36. The substituents Q 1 to Q 8 are denoted as Q 10 to Q 80 . 
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Table 36 
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SUBSTITUENT 



Compound No. Q 



10 



>>20 



Q' 



,30 q40 q50 q60 q70 q80 



IVB-1 -O" 0H 3 ~0" CH 3 "O "O CH 3 CH 3 H H 

IVB-2 -Q-OCH 3 -Q-OCH3 -Q -Q CH 3 CH 3 H H 



IVB-3 



IVB-4 



IVB-5 




-N 



-N 



-O "O CH 3 CH 3 H H 



-Q CH 3 CH 3 H H 





-O -O CH 3 CH 3 H H 
IVB-6 ~0" CH 3 ~0~ CH 3 -0* CH 3 ~0" CH 3 CH 3 CH 3 CH 3 CH 3 



,VB " 7 




CH3 CH3 CH3 CH3 



IVB-8 -O~ 0CH 3 -O~ 0CH 3-O"° CH 3-O" 0CH 3 

CH3 CH3 CH3 CH3 



IVB-9 ~\Jf /=\,H HJ-^rS^^Q 



CH3 CH3 CH3 CH3 



IVB-10 ~N 



IVB-1 1 



-N 



-N 



-N 







CH3 CH3 CH3 CH3 



CH3 CH3 CH3 CH3 
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Table 38 

SUBSTITUENT 



Compound No. Q 10 Q 20 Q 30 Q 40 Q 50 Q 60 q™ q80 

ivb-20 -O -Q -Q ~Q -Q-ch 3 -Q-cH 3 -Q-cH 3 -Q-ch 3 

ivb-21 -O-O-O -hQ hQhQ -OhQ hQhQ 

ivb-22 -0~0 -O -O -O* 0CH 3 -O-° ch 3-O- 0ch 3-O-° ch 3 

IVB-23 -O-O HQ -O-O^ -<>°^ -0 0 ^^>°^ 

IVB-24 -O-O-O-O "^O-H -O^O _j H 

"°>o H ~°>o 

n H 

ivb-25 -Q ~Q -O -O -C^) -^3 -O O 

ivb-26 -O -O -O -O -Q- cH 3 -0- CH 3 -o ~o 

ivb-27 -hO -O -O -O -O-O-O-O -O -O 

-VB-28^-0-0-^ g g HQ 

ivb-29 -O -O -O -O -O 0CH 3-O-° CH 3 -Q -O 

ivb-30 -0-0-0-0 -o -o 

-0-\y=\ 

H HW> 

IVB - 3 2 -o -O -O -O 
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Table 39 

SUBSTITUENT 



Compound NO. Q 10 Q 20 Q30 q40 q 50 q60 q 70 q80 

IVB-33 -Q-CH 3 -O-CH3 hQ-CH 3 -O-CH3 -O -O-O -Q 
IVB-34 -QO -00 "CK> -O® -O-O-O-O 



,vb - 35 cr <r & <r 0000 

ivb-36 -O- 0CH 3-O-° CH 3-O-° CH 3-O- 0CH 3 -O ~0 -Q -O 
.vb-37 -O- 0 ^ -O- 0 ^ -Q "O "O "O 

.VB-38 ^J^^hQ^J^ -O^-O-O 




© 0 _ _ _ 

IVB-39 -N - N HQ -Q -Q HQ -O -O 



IVB-40 -O-CH3 -O-CH3 -O-CH3 -O-CH3 -Q ~Q H H 

IVB-41 -OO -O-O OO -OO -O -O H H 

IVB-42 -O~ 0CH 3 -O" 0CH 3 -O-° CH 3-O- 0CH 3 -O ~Q H H 

,VB.43 "O^ "O^ -O -O " H 

.VB.44 ■^-y^^ Q -0-i^j-Q -Q -Q H H 

'VB-45 -N -Q -Q _Q _Q H H 
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Table 40 



SUBSTITUENT 



Compound No. Q 10 


Q 20 


Q 30 


Q 40 


Q 50 


Q 60 


Q 70 


Q 80 


IVB-46 -4D> 

1 V i_? HO y // 








V // '3 




H 


H 


IVB-47 ~0 


o 










H 


H 


IVB-48 "O 


o 


-o 




-Q-0CH3 


-Q-0CH3 


H 


H 


IVB-49 "O 


o 




-® 






H 


H 










/=v H 


/=\ H 







IVB-50 -O -O HQ ~Q ^>0-^H H 



IVB-53 



IVB-54 



IVB-55 



IVB-56 



H 



H 



IVB-51 -O -O -O -O 
IVB-52 O-CH3 ^ CH3 



H H 



-O-0CH3 -Q~ 0CH 3 

-Q-OCH 3 -Q-OCH3 

"O-°>-rO- 0 >^© _0 >^O" 0 - 



F% f\ f\ <R 



IVB-57 -N -N — N — N 

M M M // W 



IVB-58 




CH 3 

CH 3 
CH 3 

CH 3 
CH 3 

CH 3 
CH 3 



CH 3 H H 
CH 3 H H 

CH 3 H H 



CH, 



CH a 



H H 



H H 



CH 3 



CH 3 



H H 



H H 
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Table 58 SUBSTITUENT 
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Table 60 SUBST1TUENT 
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Table 61 

SUBSTITUENT 



Compound No. Q 2Q Q ao q40 q5 o Q eo q70 Q eo 



VB-40 H 



VB-4.1 H 



VB-43 H 

VB-44 H 

VB-45 H 

VB-46 H 

VB-47 H 

VB-48 H 

VB-49 H 



VB-50 H 



VB- 



Q 20 


Q 30 


yv 








to 






I 


1 ^ 

to 


to 


Kl 




xx N „o 


Kl 




u O 










-CHI 




CH 3 


CH 3 






^ 0 

5 


-Ot 

0 



H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 

H H H H H 



H H H H H 



H H H H H 
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Table 62 SUBSTITUENT 

Compound No. Q 10 Q 20 Q 30 Q 40 Q 50 Q 60 Q 70 q8° 



VB-52 

VB-53 
VB-54 

VB-55 

VB-56 
VB-57 

VB-58 

VB-59 
VB-60 
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SUBSTITUENT 




H H 
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Table 64 



SUBSTITUENT 



Compound No. Q 10 



\20 



n30 



Q 40 Q 50 Q 60 Q 70 Q 80 



VB-71 H -Q -Q H Ph Ph Ph Ph 

VB-72 H -Q-Q -O-O H Ph Ph Ph Ph 

VB-73 H -0~0~0~0~0~0 H Ph Ph p h p h 



VB-74 H 



VB-76 H 



VB-77 H 



VB-78 



VB-80 H 



VB-82 H 



VB-83 H 



H Ph Ph Ph Ph 




H Ph Ph Ph Ph 



H Ph Ph Ph Ph 



^8 



Ph Ph Ph Ph 






H Ph Ph Ph Ph 



VB-81 H -\j-0\j -y-O-y H Ph Ph Ph Ph 




■2° 



■8° 



H Ph Ph Ph Ph 



H Ph Ph Ph Ph 



VB-84 H 



H Ph Ph Ph Ph 
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Table 65 



SUBSTITUENT 



Compound No. Q 10 q^o 



■^30 



Q 40 q 50 q 60 q7 0 Q 80 



VB-85 H 

VB-86 H 

VB-87 H 

VB-88 H 

VB-89 H 



VB-91 H 
VB-92 
VB-93 H 



VB-96 H 







90 


96 


90 

f 


90 


ceo 

I 


91:0 

1 










Wo 








CH 3 




b 


-On; 

b 




« P 

-o-c 






-or 









H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 

H Ph Ph Ph Ph 



H Ph Ph Ph Ph 
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Table 66 



SUBSTITUENT 



Compound No. Q 10 Q 20 



^30 



Q 40 Q 50 Q 60 Q 70 Q 60 



VB-97 H 



VB-98 H 






H Ph Ph Ph Ph 



H Ph Ph Ph Ph 



VB-99 H 




H 

VB-100 H ~0~\ H ~"0~"V H H Ph Ph Ph Ph 

H 



H 

H 



VB-101 H jQ-^vV^ jO^Vll 



H Ph Ph Ph Ph 



VB-102 H 



h (^Y^r H h i^V*i 




.H 



H ^v^V^ H H Ph Ph Ph Ph 



H 



H 



VB-103 H 



H 
H 



H 

H 



H Ph Ph Ph Ph 



H H 

VB-104 H "^-O "j^O H Ph Ph Ph Ph 



VB-105 H 



H H 



H H 



H H 
H H 



H Ph Ph Ph Ph 



VB-106 H JLjCO! JijO^H H Ph Ph Ph Ph 



H 



H 
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Table 67 



SUBSTITUENT 



Compound No. Q 10 Q 20 



i30 



Q 40 Q 50 Q 60 Q 70 Q 80 



VB-107 H -Q 
VB-108 H -0~0 
VB-109 H ^Q-O^Q 



-O H Ph Ph H H 

-0~0 H Ph Ph H H 



VB-110 H 




VB-112 H 



VB-113 H 



VB-114 H 



VB-116 H 



VB-118 H 



VB-119 H 




^8 



H Ph Ph H H 



XJ-S^J-^ H Ph Ph H H 
~0~Q H Ph Ph H H 






H Ph Ph H H 



VB-117 H -O-O-O -O-O-O H Ph Ph H H 





■8° 



8° 



H Ph Ph H H 



H Ph Ph H H 



VB-120 H 



H Ph Ph H H 
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Table 68 



SUBSTITUENT 



w 



15 



20 



25 



30 



35 



40 



45 



50 



55 



Compound No. Q 10 q 20 



->30 



Q 40 Q 50 Q 60 Q 70 Q 80 



VB-121 H 

VB-122 H 

VB-123 H 

VB-124 H 

VB-125 H 

VB-126 H 

VB-127 H 

VB-128 H 

VB-129 H 





90 

90 




N 



N 



N 



m 0 
6x 



CH 3 
CH 3 



Wo 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



H Ph Ph H H 



VB-130 H -0-N ~0" N H Ph Ph H H 



VB-131 H -0" N H Ph Ph H H 





VB-132 H -A-n 





H Ph Ph H H 
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Table 69 
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Compound No. q 10 q20 



SUBSTITUENT 



^30 



Q 40 Q 50 Q 60 q70 Q 80 



VB-133 H 



VB-134 H 

VB-135 H 
VB-136 H 

VB-137 H 

VB-138 H 

VB-139 H 

VB-140 H 
VB-141 H 



VB-142 H 




H H 



H H 




H 

H H 



V H H H H 



H Ph Ph H H 

H Ph Ph H H 

H Ph Ph H H 

H Ph Ph H H 

H Ph Ph H H 




H 

> 



H 

"Vh 

H 



H Ph Ph H H 
H Ph Ph H H 



H 



H 



H H 
H H 



H H 



H H 



H Ph Ph H H 
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X Li 



[0048] The naphthacene derivatives are used as the host material in combination with dopants. 
Tetraaryldiamine compounds 

[0049] Another class of organic compounds useful as the host material according to the invention are tetraaryldiamine 
derivatives of the following formula (II). 

[0050] In the device of the invention, the use of the tetraaryldiamine derivative, preferably as the host material helps 
induce strong light emission from the dopant while controlling the interaction with the dopant. 
[0051] In an exemplary organic EL device which was fabricated using a tetraaryldiamine derivative doped with a 
dibenzoIfJ'Jdiindenofl^.S-cdil'.^.S'-lmJperylene derivative, a luminance of at least 300 cd/m 2 at maximum was ob- 
tained at a current density of 1 0 mA/cm 2 and a drive voltage as low as about 6.5 V. When operated at a current density 
of about 500 mA/cm 2 , the device consistently produced a luminance of greater than about 1 5,000 cd/m 2 . When operated 
at a current density of about 50 mA/cm 2 , the device marked a very long lifetime as demonstrated by a half-life time of 
more than 300 hours at an initial luminance of at least 2400 cd/cm 2 . Since the tetraaryldiamine derivative has hole 
transporting ability, a mixture thereof with another of the above-mentioned host materials enables to control carrier 
balance, resulting in a device with a high efficiency and long lifetime. 

[0052] In organic EL devices as mentioned above, the dopant concentration ensuring a chromatic purity and maxi- 
mum efficiency is about 1% by weight although dopant concentrations of about 2 or 3% by weight lead to devices which 
are practically acceptable albeit a drop of less than about 10%. 
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JO 




(ID 



(Ri)n 



(R 2 )r2 



[0053] In formula (II), R 1 to R 4 are independently aryl, fluorene, carbazolyl, alkyl, alkoxy, aryloxy, amino or halogen 
*5 radicals, at least one of R-j to R 4 is aryl, and r1 to r4 each are 0 or an integer of 1 to 5, with the proviso that r1 to r4 
are not 0 at the same time, that is, r1 +r2+r3+r4 is an integer of at least 1 . R 5 and R 6 are independently alkyl, alkoxy, 
amino or halogen radicals and may be the same or different, and r5 and r6 each are 0 or an integer of 1 to 4. 
[0054] The aryl radicals represented by R 1 to R 4 may be monocyclic or polycyclic, inclusive of fused rings and a 
collection of rings. Those aryl radicals having 6 to 20 carbon atoms in total are preferred. They may have substituents, 
20 examples of which are alkyl, alkoxy, aryl, aryloxy, amino and halogen groups. Preferred examples of the aryl radical 
represented by R 1 to R 4 include phenyl, o-, m- and p-tolyl, pyrenyl, naphthyl, anthryl, biphenylyl, phenylanthryl and 
tolylanthryl. Of these, phenyl is most preferred. Preferably the aryl radical, especially phenyl is bonded at the 3- or 
4-position. 

[0055] The alkyl radicals represented by R 1 to R 4 may be straight or branched alkyl radicals, preferably of 1 to 10 
25 carbon atoms. They may have substituents, examples of which are as illustrated for the aryl radicals. Preferred exam- 
ples of the alkyl radical represented by R 1 to R 4 include methyl, ethyl, n- and i-propyl, n-, i-, sec- and tert-butyl. 
[0056] The alkoxy radicals represented by R 1 to R 4 are preferably those having an alkyl moiety of 1 to 6 carbon 
atoms, for example, methoxy, ethoxy, and t-butoxy. The alkoxy radicals may have substituents. 
[0057] Examples of the aryloxy radicals represented by R 1 to R 4 include phenoxy, 4-methylphenoxy, and 4-(t-butyl)- 
30 phenoxy. 

[0058] The amino radicals represented by R 1 to R 4 may be substituted or unsubstituted, with the substituted amino 
radicals being preferred. Illustrative examples include dimethylamino, diethylamino, diphenylamino, phenyltolyl-amino 
and bis(biphenyl)amino radicals. 

[0059] Examples of the halogen atom represented by R 1 to R 4 are chlorine and bromine. . 
35 [0060] At least one of R 1 to R 4 is an aryl radical, and preferably at least two, more preferably at least three of to 
R 4 are aryl radicals. It is then preferred that at least two, more preferably at least three of r1 to r4 are integers of at 
least 1 . Especially at least two, even more preferably at least three of r1 to r4 are equal to 1 . 

[0061] In formula (II), the alkyl, alkoxy, amino and halogen radicals represented by R 5 and R 6 are the same as 
illustrated for R 1 to R 4 . 

40 [0062] It is preferred that both r5 and r6 be 0, that is, the biphenylene radical connecting two arylamino radicals be 
an unsubstituted one. 

[0063] When r1 to r4 are integers of at least 2, the R 1 groups, R 2 groups, R 3 groups and R 4 groups may be identical 
or different, respectively. When r5 and r6 are integers of at least 2, the R 5 groups and R 6 groups may be identical or 
different, respectively. 

f5 [0064] Of the compounds of formula (II), those compounds of the following formulas (11-1 ) and (II-2) are preferred. 
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[0065] In formulas (11-1 ) and (I I-2), R 7 to R 10 are independently alkyl, alkoxy, aryl, aryloxy, amino radicals or halogen 
atoms, and may be the same or different. Illustrative examples are the same as described for R< to R 4 in formula (II) 

rn n « c T J° 0 arS SaCh ° ° r an in,eger ° f 1 10 4 11 is pre,erred that r7 10 r1 ° be 0 m b oth form^as (H-1) and (II-2) 

Ri, to R 14 are independently alkyl, alkoxy, aryl, aryloxy, amino radicals or halogen atoms, and may be the 
same or drfferent. Illustrative examples are the same as described for R, to R 4 in formula (II). Letters r11 to r14 are 
each 0 or an integer of 1 to 5. 

E ft R6! ? 8 ?» f6 in f0rmU ' aS (IM) and m) are as defined in formula <">■ 11 is Purred that r5 and r6 be 0 
[0068] In formulas (11-1) and (II-2), when each of r7 to r10 is an integer of at least 2. the R 7 groups, R 8 groups R 0 
groups and R 10 groups may be the same or different, respectively; and when each of n 1 to rl 4 is an integer of at least 

™»I ,1 /° UPS ' 12 9r0UpS • Rl3 groups and Rl " groups mav De the same or different, respectively 
[0069] Of the compounds of formula (II), those compounds of the following formula (II-3) are also preferred 
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[0070] R 5 , R 6 , r5 and r6 in formula (II-3) are as defined in formula (II). It is preferred that r5 and r6 be 0. 

[0071] and Ar 2 each are an aryl radical and may be the same or different. Illustrative examples of the aryl radical 

are as described for R 1 to R 4 in formula (II). Phenyl and biphenyl radicals are preferred among others. 

[0072] R 15 and R 16 are independently alkyl, alkoxy, aryl, aryloxy, amino radicals or halogen atoms, and may be the 

same or different. Illustrative examples are the same as described for R 1 to R 4 in formula (II). Letters r15 and r16 are 

each 0 or an integer of 1 to 4. It is preferred that r15 and r16 be 0. 

[0073] R 17 and R 1Q are independently alkyl, alkoxy, aryloxy, amino radicals or halogen atoms, and may be the same 
or different. Illustrative examples are the same as described for R 1 to R 4 in formula (II). Letters r17 and r18 are each 
0 or an integer of 1 to 5. It is preferred that r17 and r1 8 be 0. 

[0074] In formula (II-3), when each of r15 and r1 6 is an integer of at least 2, the R 15 groups and R 16 groups may be 
the same or different, respectively; and when each of r17 and r18 is an integer of at least 2, the R 17 groups and R 18 
groups may be the same or different, respectively. 

[0075] Illustrative, non-limiting, examples of the compound of formula (II) are given below. It is noted that general 
formulas are followed by lists of R's to show illustrative examples by combinations of R's and optionally Ar's. As to a 
set of R's, when ail R's in that set are hydrogen, H is assigned to that set. When a substituent is present as any of R's 
in a set, only the substituent is designated in the set, indicating that the remainders are hydrogen. Ar t and Ar 2 are 
individually shown. 
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[0076] The above-described host compounds can be synthesized by the method described in Jean Piccard, Herr. 
Chim. Acta., 7, 789 (1 924), Jean Piccard, J. Am. Chem. Soc., 48, 2878 (1 926), etc. or similar methods. More particularly, 
Ullmann reaction is effected by heating in the presence of copper a combination of a di(biphenyl)amine compound with 
a diiodobiphenyl compound or a combination of a N.N'-diphenylbenzidine compound with a iodobiphenyl compound, 
selected in accordance with the end compound. 

[0077] The host compounds can be identified by mass analysis, infrared (IR) absorption spectroscopy or nuclear 
magnetic resonance spectroscopy ( 1 H-NMR). 

[0078] These compounds have a molecular weight of about 640 to about 800, a high melting point of about 190 to 
about 300°C, and a high glass transition temperature of about 80 to about 1 50°C. On conventional vacuum evaporation, 
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they form satisfactory smooth films which are transparent and remain amorphous even above room temoerature The 
Anthracene compounds 

[0079] A further class of organic compounds useful as the host material according to the invention are phenvlan 
thracene derivatives of the following formula (III). inversion are pnenyian- 

[0080] In the device of the invention, the use of the anthracene derivative of formula (III) preferably as the host 
matenal, helps induce strong light emission from the dopant while controlling the interacts Jtt ftlZ^^E 

sSJTiss are fu,ly h : a, r istant and durab,e - organic el dev * es with a ^^5£2s? 

, n J J h » 7 ? ° r9aniC EL deV ' Ce Which Was fabricated usin 9 an anthracene derivative doped with a dibenzo 
oM o mA? 2 h h ,2 ' 3 '" lm]pe, y |ene deriv a«ve, a luminance of at least 250 cd/m 2 was obtained at a current densftv 
thJl^ a "? a „ dWe :° lta 9 e as ,ow as about 6 * V- When operated at a current density of abm ZTrnS 
the dev ce consistently produced a luminance of greater than about 13,000 cd/m 2 . When operated at a curren^Stv 

[0082] In organic EL devices as mentioned above, the dopant concentration ensuring a chromatic purity and max! 
mum efficiency ,s about 1% by weight although dopant concemralU«ofabout2or3%lJ^w^J^^S 
are practically acceptable albeit a drop of less than about 1 0%. Ch 



KoiijT 



(III) 



boTcr^^ 

[0083] Of the compounds of formula (III), those compounds of the following formulas (111-1 ) and (III-2) are preferred. 
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[0084] Evaporated films of these compounds remain in a stable amorphous state, that is, have sufficient physical 
properties to produce consistent uniform light emission. The films remain stable over one year in the ambient atmos- 
phere without crystallization. 

[0085] Referring to formula (III), A 101 is a monophenylanthryl or diphenylanthryl radical and may be the same or 
different, and n is an integer of 1 or 2. The monophenylanthryl or diphenylanthryl radical represented by A 101 may be 
substituted or unsubstituted. Exemplary substituents are alkyl, aryl, alkoxy, aryloxy and amino groups. These substit- 
uents may further have substituents thereon and will be described later. The position of a substituent on the monophe- 
nylanthryl or diphenylanthryl radical is not critical although the preferred substitution position is on the phenyl group 
bonded to the anthracene ring rather than the anthracene ring. 

[0086] Preferably the phenyl group is bonded to the anthracene ring at the 9- and 10-positions. 
[0087] In formula (III), L is hydrogen, a single bond or a divalent linkage. The divalent linkage represented by L is 
preferably an arylene radical which may be separated by an alkylene or analogous group. The arylene radical will be 
described later. 

[0088] Of the phenylanthracene derivatives of formula (III), those of formulas (1 11-1) and (III-2) are preferred. Formula 
(111-1) is described in detail. 

[0089] In formula (IIM), fv^ and M 2 each are alkyl, cycloalkyl, aryl, alkoxy, aryloxy, amino or heterocyclic radicals. 
[0090] The alkyl radicals represented by M 1 and M 2 may be substituted or unsubstituted, straight or branched alkyl 
radicals, preferably of 1 to 1 0 carbon atoms, more preferably 1 to 4 carbon atoms. Unsubstituted alkyl radicals of 1 to 
4 carbon atoms are preferred, such as, for example, methyl, ethyl, n- and i-propyl, and n-, i-, sec- and tert-butyl. 
[0091] Exemplary of the cycloalkyl radicals represented by M-, and M 2 are cyclohexyl and cyclopentyl. 
[0092] The aryl radicals represented by M t and M 2 are preferably those aryl radicals having 6 to 20 carbon atoms 
which may have substituents such as phenyl and tolyl. Preferred examples of the aryl radical include phenyl, o-, m- 
and p-tolyl, pyrenyl, naphthyl, anthryl, biphenyl, phenylanthryl and tolylanthryl. 

[0093] The alkenyl radicals represented by M 1 and M 2 are preferably those having 6 to 50 carbon atoms in total, 

which may be substituted or unsubstituted, with the substituted ones being preferred. Such substituents are aryl groups 

such as phenyl. Exemplary alkenyl radicals are triphenylvinyl, tritolylvinyl and tribiphenyfvinyl. 

[0094] The alkoxy radicals represented by M 1 and M 2 are preferably those having an alkyl moiety of 1 to 6 carbon 

atoms, for example, methoxy and ethoxy. The alkoxy radicals may have substituents. 

[0095] Exemplary of the aryloxy radicals represented by M 1 and M 2 is phenoxy. 

[0096] The amino radicals represented by M., and M 2 may be substituted or unsubstituted, with the substituted amino 
radicals being preferred. Such substituents are alkyl groups such as methyl and ethyl and aryl groups such as phenyl. 
Illustrative examples of the amino radical include diethylamino, diphenylamino and di(m-tolyl)amino radicals. 
[0097] The heterocyclic radicals represented by M 1 and M 2 include bipyridyl, pyrimidyl, quinolyK pyridyl, thienyl, furyl 
and oxadiazoyl radicals and may have substituents such as methyl and phenyl. 

[0098] In formula (111-1), q1 and q2 each are 0 or an integer of 1 to 5, especially 0 or 1 . When q1 and q2 each are 
an integer of 1 to 5, especially 1 or 2, M 1 and M 2 each are preferably alkyl, aryl, alkenyl, alkoxy, aryloxy or amino radicals. 
[0099] In formula (ill-1), M : and M 2 may be the same or different. Where a plurality of M 1 or M 2 are included, the M 1 
groups or M 2 groups may be the same or different. Alternatively, the M 1 groups or M 2 groups bond together to form a 
ring such as a benzene ring. The ring formation is also a preferred embodiment. 

[0100] In formula (111-1 ), is hydrogen, a single bond or an arylene radical. The arylene radicals represented by 
are preferably unsubstituted ones, for example, ordinary arylene radicals such as phenylene, biphenylene and an- 
thrylene as well as two or more arylene radicals which are directly bonded. L 1 is preferably a single bond, p-phenylene 
or 4,4' -biphenylene. 

[0101] The arylene radical represented by L t may consist of two or more arylene radicals which are connected by 
an alkylene radical, -0-, -S- or -NR- wherein R is an alkyl or aryl radical. Exemplary alkyl radicals are methyl and ethyl, 
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and an exemplary aryl radical is phenyl. R is preferably an aryl radical, such as phenyl. Alternatively, R is A 101 
phenyl radical having A 101 substituted thereon. The alkylene radicals are preferably methylene and ethylene. 
[0102] Illustrative examples of the arylene radical are given below. 
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[0103] Next referring to formula (III-2), M 3 and M 4 are the same as M 1 and M 2 in formula (111-1), q3 and q4 are the 
same as q1 and q2 in formula (111-1), and L 2 is the same as L t in formula (111-1). Preferred examples of these radicals 
are also the same. 

[0104] In formula (III-2), M 3 and M 4 may be the same or different. Where a plurality of M 3 or M 4 are included, the M 3 
groups or M 4 groups may be the same or different. Alternatively, the M 3 groups or M 4 groups bond together to form a 
ring such as a benzene ring. The ring formation is also a preferred embodiment. 

[0105] Illustrative, non-limiting, examples of the compounds of formulas (111-1 ) and (III-2) are given below. It is noted 
that general formulas are followed by lists of M's to show illustrative examples by combinations of to M 15 and M 21 
to M 25 or combinations of M 31 to and M 41 to M 45 . 
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IX - 5 




t-C 4 H 9 

[0106] The phenylanthracene derivatives used herein can be prepared by coupling a halogenated diphenylanthra- 
cene compound with Ni(cod) 2 wherein cod represents 1 ,5-cyclooctadiene, or cross-coupling a Grignard reagent of a 
dihalogenated aryl with a nickel complex such as NiCI 2 (dppe) or NiCI 2 (dppp) wherein dppe represents diphenylphos- 
phinoethane and dppp represents diphenyl-phosphinopropane. Alternatively, the phenylanthracene derivatives are 
prepared by a cross-coupling process involving reacting anthraquinone, benzoquinone, phenylanthrone or bianthrone 
with a Grignard reagent of aryl or a lithiated aryl followed by reduction. 

[0107] These compounds can be identified by elemental analysis, mass analysis, I R spectroscopy, 1 H and 13 C NMR, 
etc. 

[0108] In general, the phenylanthracene derivatives have a molecular weight of about 400 to about 2,000, preferably 
about 400 to about 1,000, a high melting point of about 200 to about 500°C, and a high glass transition temperature 
(Tg) of about 80 to about 250°C, preferably about 1 00 to 250°C, more preferably about 1 30 to 250°C, especially about 
150 to 250°C. By conventional vacuum deposition or the like, they form a transparent, smooth film of quality which 
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maintains a stable amorphous state even above room temperature and over a long period of time. 
[0109] Since the phenylanthracene derivatives are relatively neutral compounds, better results are obtained on use 
of them in a light emitting layer. A freedom of design of the recombination/light emitting region is available by controlling 
the film thickness in consideration of the carrier mobility and carrier density (which is dependent on ionization potential 
and electron affinity) of the light emitting layer, hole injecting and transporting layer, and electron injecting and trans- 
porting layer to be combined. This enables free design of luminous color, control of the luminance and spectrum of 
light emission by the interference of the electrodes, and control of the space distribution of light emission. 

Ouinoxaline compounds 

[01 1 0] A still further class of organic compounds useful as the host material according to the invention are quinoxaline 
compounds of the following formula (IV). 

Q rT L 101 (IV) 

[01 11 J Herein Q is a pyrazinyl radical having fused thereto a six-membered aromatic ring containing 0 to 2 nitrogen 
atoms and may be the same or different, and n is 2 or 3. Two or three Q radicals may be the same or different. The 
six-membered aromatic rings forming part of Q are preferably benzene, pyridine, pyrimidine and pyridazine rings. Such 
a six-membered aromatic ring may be fused to the pyrazine ring at any positions afthough it is preferred that carbon 
atoms be present and nitrogen atoms be absent at the fusion positions. It is therefore preferred that fusion be on the 
side between the 2 and 3-positions or 5 and 6-positions on the pyrazine ring, and on the side between the 2 and 
3-positions (or 5 and 6-positions) or the side between the 3 and 4-positions (or 4 and 5-positions) on the pyridine ring, 
on the side between the 4 and 5-positions (or 5 and 6-positions) on the pyrimidine ring, and on the side between the 
3 and 4-positions (or 5 and 6-positions) or the side between the 5 and 4-positions on the pyridazine ring. 
[0112] L 101 is a single bond or n-valent radical, i.e., di- or trivalent radical. Preferred divalent radicals are arenediyl 
radicals, such as phenylene, biphenyldiyl, naphthalenediyl, anthracenediyl and pyrenediyl. Preferred trivalent radicals 
are arenetriyl radicals (e.g., benzenetriyl), nitrogen atoms, and triarylaminetriyl radicals (e.g., triphenylaminetriyl). 
[01 13] The radicals represented by Q and L 101 may further have substituents. Such substituents may be ones con- 
taining Q therein. The total number of Q radicals per molecule should preferably be 2 to 10, more preferably 2 to 4. 
Two or more Q radicals included in one molecule may be the same or different although they are often the same for 
the sake of easy synthesis. 

[0114] Of the quinoxaline compounds of formula (IV), those of formula (VIII) are preferred. 




(VIII) 



[0115] In formula (VIII), Z is a group of atoms necessary to form a benzene, pyridine, pyrimidine or pyridazine ring 
with the two carbon atoms of the pyrazine ring. 

[01 1 6] The ring completed by Z may further have a substituent(s) or a fused ring. The preferred positions of fusion 
of the ring completed by Z to the pyrazine ring are the same as described above in conjunction with formula (IV). 
[0117] A is a monovalent substituent attached to the pyrazine ring, and k is 0. 1 or 2. Preferred examples of the 
substituents on the ring completed by Z and the substituents represented by A are the same as A 13 etc. in formulas 
(VI 1 1 -a) to (VII l-m) to be described later and will be described later. 

[01 1 8] The letter n is 2 or 3. When n is 2, L 101 is a single bond, phenylene, biphenyldiyl or naphthalenediyl radical. 
When n is 3, L 101 is a benzenetriyl radical, nitrogen atom or triphenylaminetriyl radical. These radicals will be described 
later in conjunction with formulas (Vlil-a) to (Vlll-m). 

[0119] The rings completed by Z may be the same or different although they are preferably the same as described 
in conjunction with formula (IV). 

[0120] The fused pyrazine ring having the ring completed by Z may be bonded, at any position, to L 101 . 
[0121] Of the quinoxaline compounds of formula (VIII), those of formulas (Vlll-a) to (Vlll-m) are preferred. 
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A 22 ' 



A 2 3 



X 



N 



N 




N 



N 



X 



A 12 



(Vlll-m) 



A 28 



[0122] First described are those compounds wherein L 101 in formula (VIII) is a divalent radical L m or single bond, 
as represented by formulas (Vlll-a) to (Vlll-f) and (Vlll-m). 

[0123] In formulas (Vlll-a) to (Vlll-f) and (Vlll-m), L ini is a phenylene, biphenyldiyl or naphthalenediyl radical. The 
phenylene radical represented by L t11 may be an o-, m- or p-phenylene radical, with the p-phenylene being especially 
preferred. The preferred biphenyldiyl radical represented by l m is 4,4'-biphenyl-1 ,1'-diyl. The preferred naphthalen- 
ediyl radical represented by L 111 is 1 ,5-naphthalenediyl. These divalent radicals are preferably unsubstituted although 
they may have substituents such as alkyl and aryl groups. 
[0124] A 13 ,A 15 to 

^18' ^23 ; ^25 ^ ^28 formula (Vlll-a), A^, A-^g to A<| 8 , A23, A26 to A28 in formula (Vlll-b), A^, A^, 
A 17 , A 18 , A 23 , A 25 , A 27 and A 28 in formula (Vlll-c), A 13 , A 16 , A 18 , A^, A 26 and A^ in formula (Vlll-d), A 13 , A 17 , A 18 , A 23 , 
A 27 and A 28 in formula (Vlll-e), A 13 , A 15 , A 18 , A 23 , A 25 and A 28 in formula (Vlll-f), A-j 2 , A 13 , A^, A^ 7 , A^ 8 , A 22 , A^, A 25 , 
A 27 and A 28 in formula (Vlll-m) each independently stand for hydrogen, halogen atoms, hydroxyl, carboxy, nitro, cyano, 
alkyl, aryl, alkoxy, aryloxy, amino, alkylthio, arylthio and heterocyclic radicals. In each formula, these radicals may be 
the same or different. 

[0125] Examples of the halogen atoms represented by A 13 etc. include fluorine and chlorine atoms. 
[0126] The alkyl radicals represented by A 13 etc. are preferably those of 1 to 6 carbon atoms in total, which may be 
straight or branched. The alkyl radicals are preferably unsubstituted ones although they may have substituents such 
as halogen atoms (e.g., F and CI). Illustrative examples of the alkyl radicals include methyl, ethyl, n-propyl, isopropyl, 
n-butyl, isobutyl, sec-butyl, t-butyl, pentyl and hexyl. 

[0127] The aryl radicals represented by A 13 etc. are preferably those of 6 to 30 carbon atoms in total, which may be 
monocyclic or polycyclic (fused ring or ring collection) or have substituents. Such substituents are halogen atoms (e. 
g., F and CI), alkyl groups (e.g., methyl) and heterocyclic groups. The heterocyclic groups as the substituent are pref- 
erably the same as the fused pyrazinyl radical bonded to L 111 in formula (Vlll-a), such as quinoxalinyl. Illustrative 
examples of the aryl radicals represented by A 13 , etc. include phenyl, 1 -naphthyl, 2-naphthyl, 2-biphenylyl, 3-biphenylyl, 
and 4-biphenylyl radicals, which may have substituted thereon a fused pyradinyl group such as quinoxalinyl. 
[0128] The alkoxy radicals represented by A 13 , etc. are preferably those of aikyls of 1 to 6 carbon atoms in total. The 
alkoxy radicals are preferably unsubstituted ones although they may have substituents. Illustrative examples of the 
alkoxy radicals include methoxy, ethoxy, propoxy, isopropoxy, butoxy, isobutoxy, sec-butoxy and t-butoxy. 
[0129] Exemplary of the aryloxy radicals represented by A 13 , etc. is phenoxy. 

[0130] The amino radicals represented by A 13 , etc. may have substituents such as alkyl and aryl groups. Exemplary 

amino radicals are amino, methylamino, dimethylamino, phenylamino and diphenylamino. 

[0131] Examples of the alkylthio radical represented by A 13 , etc. include methylthio and ethylthio. 

[0132] Exemplary of the arylthio radical represented by A 13 , etc. is phenylthio. 

[01 33] Examples of the heterocyclic radicals represented by A 13 , etc. include furyl, thienyl, pyrrole, pyridyl, and qui- 
nolyl as well as the same as the fused pyradinyl radical bonded to L m in formula (Vlll-a) such as quinoxalinyl. 
[01 34] Two adjoining ones among A 15 to A 18 and A 25 to A 28 in formula (Vlll-a), two adjoining ones among A 16 to A 18 
and A 26 to A 28 in formula (Vlll-b), a pair of A 17 and A 18 or a pair of A 27 and A 28 in formula (Vlll-c), a pair of A 17 and 
A 18 or a pair of A 27 and A 28 in formula (Vlll-e), and a pair of A 12 and A 13 , a pair of A 17 and A 18 , a pair of A 22 and A 23 
or a pair of A 27 and A 28 in formula (Vlll-m) may bond together to form a ring. The ring formed herein is preferably a 
benzene ring. Two or more benzene rings thus formed may be fused together, or the benzene ring thus formed may 
further have a ring fused thereto. 

[0135] In preferred embodiments, A 13 and A 23 in formulas (Vlll-a) to (Vlll-f) and A 12 , A 13 , A 22 and A 23 in formula 
(Vlll-m) are aryl radicals; A 15 to A 18 and A 25 to A 28 in formula (Vlll-a) are hydrogen, alkyl or alkoxy radicals or two 
adjoining ones thereof bond together to form a benzene ring; and A 16 to A 18 and A 26 to A 28 in formula (Vlll-b), A 15 , 
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A 17 , A 18 , A 25) A 27 and A 28 in formula (Vlll-c) ( A 16 , A 18 , A^ and A 28 in formula (Vlll-d), A 17 , A 18 , A 27 and A 28 in formula 
(Vlll-e), A 15 , A 18? A 25 and A 28 in formula (Vlll-f), and A 15 , A 17 , A 18 , A 25 , A 27 and A 28 in formula (Vlll-m) are hydrogen. 
[0136] Described next are those compounds wherein L 101 in formula (VIII) isatrivalent radical L 112 , as represented 
by formulas (Vlll-g) to (VIII-1). 

5 [0137] In formulas (Vlll-g) to (VIII-1). L 112 is a benzenetriyl radical, nitrogen atom ortriphenylaminetriyl radical. The 
preferred benzenetriyl radical represented by L 112 is 1 ,3,5-benzenetriyl. The preferred triphenylaminetriyl radical rep- 
resented by L 112 is 4,4',4 ,, -triphenyl-1 ,1',1 "-triyl. These trivalent radicals are preferably unsubstituted although they may 
have substituents such as alkyl and aryl groups. 

[0138] A 13> A 15 to A 18 , A 23 , A 25 to A 28 , A 33 , A 35 to A 38 in formula (Vlll-g), A 13 , A 16 to A 18 , A^, A 26 to A 28 , A 33 , A 36 
w to A 38 in formula (Vlil-h), A 13 , A 15 , A 17 , A 18 , A2 3 , A^, A^, A^, A 33 , A 35 , A 37 and A^ in formula (Vlll-i), A 13> A 16 , A 18 , 
A 23> A 26 , A 28 , A 33 , Ag 6 and A 38 in formula (Vlll-j), A 13 , A 17 , A 18 , A2 3 , A 27 , A 28 , A 33 , A 37 and A 38 in formula (Vlll-k), A 13 , 
A 15- A 18= A 23- A 25 A 28- A 33» A 35 and A 38 in formula (VIII-1) each independently stand for hydrogen, halogen atoms, 
hydroxyl, carboxy, nitro, cyano, alkyl, aryl, alkoxy, aryloxy, amino, alkyithio, arylthio and heterocyclic radicals. In each 
formula, these radicals may be the same or different. Illustrative examples of these radicals are the same as described 
15 above in conjunction with formulas (Vlll-a) to (Vlll-f). 

[0139] Two adjoining ones among A 15 to A 18 , A^ to A^ and A^ to A^ in formula (Vlll-g), two adjoining ones among 
A 16 to A 18 , A 26 to A 28 and A^ to A 38 in formula (Vlll-h) 5 a pair of A 17 and A 18 or a pair of A 27 and A2 8 , or a pair of A^ 
and A^ in formula (Vlll-i), and a pair of A 17 and A 18 , a pair of A2 7 and A 28 or a pair of A 37 and A^ in formula (Vlll-k) 
may bond together to form a ring. Illustrative examples of the ring are the same as described above in conjunction with 
20 formulas (Vlll-a) to (Vlll-f). A 13 , A^ and A^ in formulas (Vlll-a) to (VIII-1) are preferably hydrogen and aryl radicals 
such as phenyl. 

[0140] In preferred embodiments, A 15 to A 18 , A 25 to A^ and A^ to A 38 in formula (Vlll-g) are hydrogen, or two 
adjoining ones among them bond together to form a ring; A 16 to A 18 , A 26 to A^, and A 36 to A 38 in formula (Vlll-h), A 15 , 
A 17. A 18. A 25» A 27. A 28- A 35> A 37 and A 38 in formula (Vlll-i), A 16 , A 18 , A 26 , A 28 , A^ and A 38 in formula (Vlll-j), A 17 , A 18 , 

25 a 27 , A 28 , A 37 and A 38 in formula (Vlll-k), A 15: A 18 , A2 5 A 28 , A^ and A 38 in formula (VMM) are hydrogen. 

[0141] Illustrative, non-limiting, examples of the quinoxaline compounds of formula (IV) are given below. They are 
shown by combinations of L 111f L 112 , and A's in formulas (Vlll-a) to (Vlll-m). When A 13 and A 23 are different, they are 
individually shown. The expressions of formulas (Vlll-a) to (Vlll-m) are typical examples and to be construed to en- 
compass corresponding structural isomers because an actual product as synthesized is a mixture of structural isomers 

30 due to the synthesis route. 
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Formula (VIII) 
Compound No. 




Aj 3 A 23 




A, 6 -A 26 


A 17 -A 27 


A18 A 28 


VIII-a-1 




-Ph 


H 


H 


H 


H 


VIII-a-2 




-Ph 


H 


H 


CH 3 


H 


VIII-a-3 


-O-O- 


-Ph 


H 


CH 3 


CH 3 


H 


VIII-a-4 




-Ph 


H 


H 


C 2 H 5 


H 


VIII-a-5 




-Ph 


H 


H 


n-C 3 H 7 


H 


VIII-a-6 




-Ph 


H 


H 


n-C 4 Hg 


H 


VIII-a-7 




-Ph 


H 


H 


t-C 4 H 9 


H 


VIII-a-8 




-Ph 


H 


H 


-0CH 3 


H 


VIII-a-9 


-O-O- 


-Ph 


H 


H 


A 17 and A 18 
benzene 

A 27 and A 28 
benzene 


form a 
ring. 

form a 
ring. 


VIII-a-10 


1. A /> v \ 


-Ph 


H 


A 16 and A, 7 form a 
benzene ring. 

A 26 and A 27 form a 
benzene ring. 


H 


VIII-a-11 


-Q-Q- 


-Ph 


A, 5 and A| 6 form a 
benzene ring. 

A 25 and A 26 form a 
benzene ring. 


A, 7 and A 18 
benzene 

A 27 and A23 
benzene 


form a 
ring. 

form a 
ring. 


VIII-a-12 




-Ph 


H 


A,s and A 18 , and A, 7 and A ]8 form benzene 
rings, respectively, which are fused 
to form a phenalene ring as a whole. 
(The same applies to A 26 to A 2g . ) 
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Formula 
(VIII) 

Compound No. 






Au A 15 A, 


6 ^26 


A 17 -A 27 




VIII-a-13 




-Ph 


A,t and A, 6 , A 

ID ID' 

benzene rings 
phenanthrene 
applies to A 2 


l6 and A 17 , and A| 7 and A 18 form 
;, respectively, which form a 
ring as a whole. (The same 
s to A;, 8 . ) 


VIII-a-14 




-Ph 


H 


H 


-Ph 


H 


VIII-a-15 




-Ph 


H 


-Ph 


-Ph 


H 


VIII-a-16 




-Ph 


-Ph 


H 


H 


-Ph 


VIII-a-17 


-©-©- 


-Ph 


H 


H 


1-naphthyl 


H 


VIII-a-18 


-o-o- 


-Ph 


H 


H 


2-naphthyl 


H 


VIII-a-19 




-Ph 


H 


H 


4-biphenylyl 


H 


VIII-a-20 




-Ph 


H 


H 


3-biphenylyl 


H 


VIII-a-21 


-o-o- 


-Ph 


H 


H 


2-biphenylyl 


H 


VIII-a-22 




-Ph 


H 4-biphenylyl 


4-biphenylyl 


H 


VIII-a-23 




-Ph 


H 


H 


CI 


H 


VIII-a-24 




-Ph 


H 


H 


-OH 


H 
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rormuia 
(VIII) 

Compound No. 


^11] 


A|3 A 2 3 






A )7 -A 2 7 


A 18 -A 28 


VIII-a-25 




-Ph 


H 


H 


-N0 2 


H 


VIII-a-26 


-OO- 


-Ph 


H 


H 


-CN 


H 


VIII-a-27 




-Ph 


H 


H 


-OPh 


H 


VIII-a-28 


-oo- 


-Ph 


H 


H 


-SCH 3 


H 


VIII-a-29 




-Ph 


H 


H 


-SPh 


H 


VIII-a-30 




-Ph 


H 


H 


H 


H 


VIII-a-31 


-o- 


-Ph 


H 


H 


CH 3 


H 


VIII-a-32 




-Ph 


H 


CH 3 


CH 3 


H 


VIII-a-33 


-a- 


-Ph 


CH 3 


H 


H 


CH 3 


VIII-a-34 


-o- 


-Ph 


H 


H 


C 2 H 5 


H 


VIII-a-35 


-o- 


-Ph 


H 


H 


n-C 3 H 7 


H 


VIII-a-36 


-o- 


-Ph 


H 


H 


n~C 4 H 9 


H 
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Formula 

(VIII) 111 Al3=A * 3 Al5=A >5 A i6=A 26 A 17 =A 27 A 18 =A 28 



Compound No. 



VIII-a-37 -Q- - Ph H H t-C 4 H 9 H 

VIII-a-38 - Ph H H -0CH 3 H 

A i7 and A 18 form a 

VIII-a-39 ~\=/~ -Ph H H benzene ring. 

A 27 and A 28 form a 
benzene ring. 

A 16 and A !7 form a benzene 
VIII-a-40 - Ph H ring. H 

A^ and A 27 form a benzene 
ring. 

A I5 and A 16 form a benzene A, 7 and A ]8 form a 
VIII-a-41 \=/ -Ph r ing. benzene ring. 

A 25 and A 26 form a benzene A 27 and A 28 form a 
ring- benzene ring. 

A 16 and A 18 , and A 17 and A l8 form 
VIII-a-42 -Ph u benzene rings, respectively, which 

/ " are fused to form a phenalene ring 

as a whole. (The same applies to A 26 
to A 28 . ) 



VIII-a-43 "O" ~ Ph 

VIII-a-44 -Ph 



Ajs and Aj 6 , A 16 and A l7 , and A l7 and A l8 form benzene 
rings, respectively, which form a phenanthrene 
ring as a whole. (The same applies to A 25 to A 28 . ) 

H H -Ph H 



VIII-a-45 - Ph H -Ph -Ph H 

VIII-a-46 -Q- -Ph -Ph H H -Ph 

VIII-a-47 ^Q- - Ph H H 1-naphthyl H 
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Formula 
(VIII) 

Compound No. 




A,3=A 2 3 




A 16 -A 26 


A ]7 -A 2 7 


A 18 = A 28 


VIII-a-48 


-o- 


-Ph 


H 


H 


2-naphthyl 


H 


VIII-a-49 




-Ph 


H 


H 


4-biphenylyl 


H 


VIII-a-50 




-Ph 


H 


H 


3-biphenylyl 


H 


VIII-a-51 




-Ph, 


H 


H 


2-biphenylyl 


H 


VIII-a-52 


-o 


-Ph 


H 


H 


CI 


H 


VIII-a-53 


-o- 


-Ph 


H 


H 


-OH 


H 


VIII-a-54 


-o- 


-Ph 


H 


H 


-N0 2 


H 


VIII-a-55 


-o- 


-Ph 


H 


H 


-CN 


H 


VIII-a-56 


-o- 


-Ph 


H 


H 


-OPh 


H 


VIII-a-57 


-o 


-Ph 


H 


H 


-SCH 3 


H 


VIII-a-58 




-Ph 


H 


H 


-SPh 


H 


VIII-a-59 


m 


-Ph 


H 


H 


H 


H 
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Formula 
(VIII) 

Compound No. 


Lin 


A 13 -A 23 




A ]6 = A 25 


A 17 -A 2 7 


A 18 -A 28 


VIII-a-60 


XXX 


-Ph 


H 


H 


CH 3 


H 


VIII-a-61 


XXX 


-Ph 


H 


CH 3 


CH 3 


H 


VIII-a-62 


XXX 


-Ph 


CH 3 


H 


H 


CH 3 


VIII-a-63 


XXX 


-Ph 


CH 3 


CH 3 


CH 3 


H 


VIII-a-64 


XXX 


-Ph 


CH 3 


CH 3 


CH 3 


CH 3 


VIII-a-65 


XIX 


-Ph 


H 


H 


C 2 H S 


H 


VIII-a-66 


XXX 


-Ph 


H 


H 


n-C 3 H 7 


H 


VIII-a-67 


XXX 


-Ph 


H 


H 


n~C 4 H g 


H 


VIII-a-68 


XXX 


-Ph 


H 


H 




H 


VIII-a-69 


XXX 


-Ph 


H 


H 


-OCH 3 


H 


VIII-a-70 


XXX 


-Ph 


H 


H 


A, 7 and A J8 
benzene 

A 27 and A 28 
benzene 


form a 
ring. 

form a 
ring. 
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Formula (VIII) 
Compound No. 



Lin 



23 



15 n 15 



A, ft -A 



16 n 26 



A 17 A 27 



Ai8~A ; 



28 



VIII-a-73 



VIII-a-74 



VIII-a-71 



VIII-a-72 L II 



ZX2 



-Ph 



-Ph 



-Ph 



-Ph 



VHI-a-75 XXX ~ Ph 



A 16 and A 17 form a benzene 

H rin s- 

A 26 and A 27 form a benzene 
ring. 



H 



A l5 and A 16 form a A 17 and A 18 form a benzene 
benzene ring. ring. 

A 25 and A 26 form a A 27 and A 28 form a benzene 
benzene ring. ring. 

A, 6 and A 18 , and A, 7 and A 18 form 

benzene rings, respectively, 
which are fused to form a phenalene 
ring as a whole. (The same applies 
to A 26 to A 28 . ) 

A l5 and A, 6 , A 16 and A 17 , and A, 7 and A l8 form 
benzene rings, respectively, which form a 
phenanthrene ring as a whole. (The same 
applies to A 25 to ) 



H 



H 



H 



-Ph 



H 



VIII-a-76 



-Ph 



-Ph 



VIII-a-77 XXX ~ Ph ~ Ph 



-Ph 



VIII-a-78 



OCX ~Ph H H 1-naphthyl H 



VIII-a-79 



XXX 



-Ph 



H 2-naphthyl H 



VIII-a-80 XIX " Ph 



H 4-biphenylyl H 



VIII-a-81 



-Ph 



H 3-biphenylyl H 
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VHI-a-89 XXX -Ph H H 



A, 3 = H H 



vm-a-90 -o^ry-Q-Ch H 



A 23 = -Ph 



^13 - 



-v /wf'Vr'^v^s and A, 6 form a 

VIII-a-91 ~QrO- ^S?^X benze ne ring. 

kjl A 25 and A 26 form a 

A 23 = -Ph benzene ring. 



H 



Formula _ ' ~~ 

(VIII) 111 Al3 ~ Az3 Al5=A ' 5 A ^ =A 26 A 17 =A 27 A I8 =A 28 

Compound No. 

VIII-a-82 XXX - ph H H 2-biphenylyl H 

VIII-a-83 XXX " Ph H H CI H 

VIII-a-84 XXX " Ph H H -OH 

VIII ' a - 85 XXX ~ p h H H -N0 2 

VIII-a-86 XXX ~ Ph 

VIH-a-87 XXX - p h 

VIII - a " 88 XXX - ph H H -SCH 3 H 

-SPh H 



H H -CN H 

H H -OPh H 



132 



EP1 148 109 A2 



Formula 
(VIII) 

Compound No. 



L H1 A 13 A 23 A 15 A l5 A l6 A 26 A 17 A 27 A 18 A 28 



^13 



_ „ A 15 and A 16 form a A 17 and A, 8 form a 

VIII-a-92 """©""C^"* ""^-^"^-^"-XX benzene ring. benzene ring. 

Ph N TLj) A 25 and A 2 6 form a A 27 and A 28 form a 



A 23 = -Ph 



benzene ring. benzene ring. 



A 13 - 



VIII-a-93 "Ol| N rt H H H H 

Ph 



A 23 = -Ph 



A 13 



-o- 



A l5 and A 16 form a 

VIII-a-94 -Cjh benzene ring. 

A^ and A 26 form a 
benzene ring. 



A 23 = -Ph 




A, s and A 16 form a A, 7 and A, fl form a 



VIII-a-95 ~"C = /^"- ""^'Tj <Tjl benzene ring. benzene ring. 



Ph N T(| A 25 and A 26 form a A 27 and A 28 form a 
benzene ring. benzene ring. 

A 23 = -Ph 



VIII-a-96 - p h H H -NPh 2 H 

VIII-a-97 -hQhQ- -Ph H H -C00H H 

VIII-a-98 -Q^Q- - p h H H 2-pyridyl H 

VIII-a-99 hQ>- "Ph H H -NPh 2 H 
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5 



10 



15 



25 



30 



35 



40 



45 



50 



55 



Formula 

(Vin) 111 A i3~A 23 A 15 -A 15 A 16 =A 26 A 17 =A 27 

Compound No, 

VIII-a-100 -Q- -Ph H H -COOH 

VIII-a-101 ~Q- -Ph H H 2-pyridyl 



VIII-a-102 inn -Ph H H -NPh 



2 



VIII-a-103 " Ph , H H -COOH 

VIII-a-104 XXX " Ph H H 2-pyridyl 
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Formula (VIII) 
Compound No. 


Lin 




Ai 6 -A 26 


A I7 -A 27 


Ais A 28 


VIII-b-1 


-OO- 


-Ph 


H 


H 


H 


VIII-b-2 




-Ph 


H 


H 


H 


VIII-b-3 


XXX 


-Ph 


H 


H 


H 


VIII-b-4 




A 23 = "Ph 


H 


H 


H 


VIII-b-5 


-o- 


Ph^N^N 
A 23 = "Ph 


H 


H 


H 


VIII-b-6 




-Ph 


H 


H 


CH 3 


VIII-b-7 




-Ph 


H 


CH 3 


H 


VIII-b-8 




-Ph 


CH 3 


H 


H 


VIII-b-9 




-Ph 


H 


C 2 H 5 


H 


VIII-b-10 


-Q-Q- 


-Ph 


H 


n-C 3 H 7 


H 


VIII-b-11 




-Ph 


H 


n - C 4 H 9 


H 
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Formula (VIII) 

Compound No. 1,1 13 23 ,6 26 17_A " A ' 8_A28 



VIII-b-12 "O-O" " Ph H t_C 4 H 9 H 

VIII-b-13 -Q-Q- "Ph H -0CH 3 H 

r=rK /=r\ A 16 and A l7 form a benzene 

VIII-b-14 -Ph rin S* H 

A 26 and A 27 form a benzene 
ring. 

s=\ y=v A 17 and A l8 form a 

VIII-b-15 ~Ph H benzene ring. 

A 27 and A 28 form a 
benzene ring. 

VIII-b-16 ~0~Qr- ~Ph H Ph H 

VIII-b-17 -<K> -Ph Ph Ph H 

VIII-b-18 -0~0~ ~ Ph H 1-naphthyl H 

VIII-b-19 -O~0~ ~ Ph 1-naphthyl 1-naphthyl H 

VIII-b-20 -0~0" ~ Ph H 2-naphthyl H 

VIII-b-21 ~0~0~ " Ph 2-naphthyl 2-naphthyl H 

VIII-b-22 -O~0~ ~ Ph H 4-biphenylyl H 

VIII-b-23 HQ-^- -Ph 4-biphenylyl 4-biphenylyl H 
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Formula 
(VIII) 

Compound No. 


Lin 








^18 A 28 


VIII-b-24 




-Ph 


H 


3-biphenylyl 


H 


VIII-b-25 




-Ph 


3-biphenylyl 


3-biphenylyl 


H 


VIII-b-26 




-Ph 


H 


2-biphenylyl 


H 


VIII-b-27 




-Ph 


2-biphenylyl 


2-biphenylyl 


H 


VIII-b-28 




-Ph 


H 


CI 


H 


VIII-b-29 




-Ph 


H 


-OH 


H 


VIII-b-30 


■oo- 


-Ph 


H 


-N0 2 


H 


VIII-b-31 




-Ph 


H 


-CN 


H 


VIII-b-32 




-Ph 


H 


-OPh 


H 


VIII-b-33 




-Ph 


H 


~SCH 3 


H 


VIII-b-34 


■oo- 


-Ph 


H 


-SPh 


H 


VIII-b-35 


-oo- 


-Ph 


H 


-NPh 2 


H 
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Formula 
(VIII) 

Compound No. 



Lin 



A]3 A 23 A 16 A 26 A )7 -A 27 A 18 -A 28 



vm-b-36 -Q-Gr 



VIII-b-38 



VIII-b-39 



VIII-b-40 



VIII-b-41 



VIII-b-42 



VIII-b-43 



VIII-b-44 



VIII-b-45 



VIII-b-46 



VIII-b-47 



-Ph 



-o- 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-COOH 



VIII-b-37 -0~0~ _Ph H 2-pyridyl H 



H 



CH a 



H 



C 2 H 5 



H n~C 3 H 7 

H n-C 4 H 9 

H t-C 4 H g 

H -OCH, 



A J6 and A 17 form a 
benzene ring. 

A 26 and A 27 form a 
benzene ring. 



CH, 



-Ph H CH 3 H 



A 17 and A 18 form a 
benzene ring. 

A 27 and A 28 form a 
benzene ring. 
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Formula 
(VIII) 

Compound No. 


Lin 






A 17 -A 27 


Ai 8 -A 28 


VIII-b-48 




-Ph 


H 


Ph 


H 


VIII-b-49 




-Ph 


Ph 


Ph 


H 


VIII-b-50 


o- 


-Ph 


H 


1-naphthyl 


H 


VIII-b-51 


-o- 


-Ph 


1-naphthyl 


1-naphthyl 


H 


VIII-b-52 


-o 


-Ph 


H 


2-naphthyl 


H 


VIII-b-53 


-o- 


-Ph 


2-naphthyl 


2-naphthyl 


H 


VIII-b-54 


-Q- 


-Ph 


H 


4-biphenylyl 


H 


VIII-b-55 




-Ph 


4-biphenylyl 


4-biphenylyl 


H 


VIII-b-56 


■o- 


-Ph 


H 


3-biphenylyl 


H 


VIII-b-57 


-o- 


-Ph 


3-biphenylyl 


3-biphenylyl 


H 


VIII-b-58 


-o- 


-Ph 


H 


2-biphenylyl 


H 


VIII-b-59 


-o- 


-Ph 


2-biphenylyl 


2-biphenylyl 


H 
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Formula 
(VIII) 

Compound No. 



-in 



A13 A 23 A 16 -A 26 A 17 -A 27 



10 



15 



20 



25 



30 



35 



40 



45 



50 



VIII-b-60 -<Q>- 



VIII-b-61 



VIII-b-62 



VIII-b-63 



VIII-b-64 



VIII-b~65 



VIII-b-66 



VIII-b-67 



VIII-b-68 



VIII-b-69 



VIII-b-70 



VIII-b-71 



-o- 
o- 

-o- 
■o- 
-o- 
-o- 
-o- 
■o- 



COD 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



CI 



-OH 



-NO, 



-CN 



-OPh 



-SCH, 



-SPh 



-NPh, 



-C00H 



H 2-pyridyl 



H 



CH, 



55 
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Formula 
(VIII) 

Compound No. 



"in 



A13 ^23 A 16 -A 26 A 17 A 27 A 18 -A 



28 



VIII-b-72 r n 



-Ph 



CH 3 



H 



VIII-b-73 



-Ph 



C 2 H 5 



H 



VIII-b-74 



CO 



-Ph 



H n-C 3 H 7 



VIII-b-75 



-Ph 



H n-C 4 H 9 



VIII-b-76 



-Ph 



H t ~C 4 Hg 



VIII-b-77 



CO 



-Ph 



H t-C 4 H 9 



VIII-b-78 



-Ph 



H -OCH, 



VIII-b-79 



VIII-b-80 



A, 6 and A, 7 form a 
-pjj benzene ring. 

A 26 and A 27 form a 
benzene ring. 



-Ph 



A, 7 and A 18 form a 
benzene ring. 

A 27 and A 28 form a 
benzene ring. 



VIII-b-81 



-Ph 



Ph 



VIII-b-82 



-Ph 



Ph 



Ph 
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Formula 
(VIII) 

Compound No. 



A 13 -A ; 



13 n 23 A I6 -A 26 



A 17 =A 27 Ai 8 -A 28 



VIII-b-83 



-Ph 



1-naphthyl H 



VIII-b-84 XXX ~ Ph 1-naphthyl 1-naphthyl H 



VIII-b-85 



-Ph 



2-naphthyl H 



VIII-b-86 



CC 



ijl -Ph 2-naphthyl 2-naphthyl H 



VIII-b-87 



co 



-Ph 



H 4-biphenylyl H 



VIII-b-88 



CO 



-Ph 4-biphenylyl 4-biphenylyl H 



VIII-b-89 



CO 



-Ph 



H 3-biphenylyl H 



VIII-b-90 



-Ph 3-biphenylyl 3-biphenylyl H 



VIII-b-91 



CO 



-Ph 



H 2-biphenylyl H 



VIII-b-92 



CL -Ph 2-biphenylyl 2-biphenylyl H 



VIII-b-93 



CXI 



-Ph 



H 



CI 
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Formula 
(VIII) 

Compound No. 


L 


111 




A]6 - A 26 


A, 7 A 27 


Ai8~A 26 


VIII-b-94 


X 




-Ph 


H 


-OH 


H 


VIII-b-95 


X 


a 


-Ph 


H 


-N0 2 


H 


VIII-b-96 


X 


a 


-Ph 


H 


-CN 


H 


VIII-b-97 


X 




' -Ph 


H 


-OPh 


H 


VIII-b-98 


X 




-Ph 


H 


-SCH 3 


H 


VIII-b-99 


X 




-Ph 


H 


-SPh 


H 


VIII-b-100 


X 


a 


-Ph 


H 


-NPh 2 


H 


VIII-b-101 


X 




-Ph 


H 


-COOH 


H 


VIII-b-102 


X 


a 


-Ph 


H 


2-pyridyl 


H 



45 



50 
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Formula 
(VIII) 


Liu 


A )3 -A 23 


Aj 5 -A 25 


A, 7 -A 2 7 


A, 8 -A 2 8 


5 


Compound No. 














VIII-c-1 


-OO- 


-Ph 


H 


H 


H 


10 


VIII-c-2 




-Ph 


H 


H 


H 


15 


\7TTT 

V HI-C O 




-Ph 

Aj3 = 


H 


H 


H 


20 


VIII-c-4 




A„ = -Ph 


H 


H 


H 


25 
















VIII-c-5 


-o 




H 


H 


H 








A 23 = -Ph 










VIII-c-6 




-Ph 


H 


H 


CH 3 


35 


VIII-c-7 




-Ph 


H 


CH 3 


H 


40 


VIII-c-8 




-Ph 


CH 3 


H 


H 


45 


VIII-c-9 




-Ph 


H 


C 2 H 5 


H 




VIII-c-10 


-oo- 


-Ph 


H 


n-C 3 H 7 


H 


50 


VIII-c-11 


-o-o- 


-Ph 


H 


n~C 4 H 9 


H 



55 
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Formula 
(VIII) 




^13 A 23 


^15 ^25 


A 17 A 27 


A 18 A 28 


Compound No. 












VIII-c-12 




-Ph 


H 


t-C 4 H 9 


H 


VIII-c-13 


-o-o- 


-Ph 


H 


-0CH 3 


H 


VIII-c-14 




-Ph 


H 


A I7 and A I8 form a benzene 
ring. 

A 27 and A 28 form a benzene 










ring. 




VIII-c-15 


-QO- 


-Ph 


H 


H 


-Ph 


VIII-c-16 


-OO- 


-Ph 


H 


-Ph 


H 


VIII-c-17 




-Ph 


-Ph 


H 


H 


VIII-c-18 




-Ph 


H 


1-naphthyl 


H 


VIII-c-19 




-Ph 


H 


2-naphthyl 


H 


VIII-c-20 




-Ph 


H 


4-biphenylyl 


H 


VIII-c-21 




-Ph 


H 


3-biphenylyl 


H 


VIII-c-22 




-Ph 


H 


2-biphenylyl 


H 


VIII-c-23 




-Ph 


H 


CI 


H 
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10 



15 



25 



30 



35 



Formula 
(VIII) 

Compound No. 



'in 



VIII-c-24 



VIII-c-25 



VIII-c-26 



VIII-c-29 



VIII-c-30 



VIII-c-31 



45 



50 



VIII-c-33 



VIII-c-34 



VIII-c-35 



VIII-c-28 HQHQ- 



A 13 -A 23 A 15~ A 25 A 17 =A 27 A, 8 =A 28 



-Ph 



-Ph H 



-Ph 



VIII-c-27 -Q-O- . ^ 



-Ph H 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



H -NPh 2 



-Ph CH, 



H 



H 



-OH H 



-N0 2 H 



-CN H 



-OPh 



-SCH, H 



-SPh H 



H 



H -C00H H 



VIII - C " 32 "OO "Ph H 2-pyridyl H 



CH, 



55 
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Formula 
(VIII) 

Compound No. 




Au A 23 


Aj5-A 2 5 


A 17 -A 27 


A 18 -A 28 


VIII-c-36 


■o- 


-Ph 


H 


C 2 H 5 


H 


VIII-c-37 


-o- 


-Ph 


H 


n-C 3 H 7 


H 


VIII-c-38 


-o- 


-Ph 


H 


n-CA 


H 


VIII-c-39 




-Ph 


H 


t-C 4 H 9 


H 


VIII-c-40 


-o 


-Ph 


-OCH3 


H 


H 


VIII-c-41 




-Ph 


H 


A 17 and A, 8 form a benzene 
ring. 

and A28 form a benzene 
ring. 


VIII-c-42 


■o 


-Ph 


H 


H 


-Ph 


VIII-c-43 




-Ph 


H 


-Ph 


H 


VIII-c-44 


-o- 


-Ph 


-Ph 


H 


H 


VIII-c-45 


-o- 


-Ph 


H 


1-naphthyl 


H 


VIII-c-46 


-O- 


-Ph 


H 


2-naphthyl 


H 


VIU-c-47 


-o- 


-Ph 


H 


4-biphenylyl 


H 
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10 



15 



20 



25 



30 



35 



45 



SO 



Formula 
(VIII) 

Compound No. 



VIII-c-48 



VIII-c-49 



VIII-c-50 



VIII-c-51 



VIII-c-52 



VIII-c-53 



VIII-c-54 



VIII-c-55 



40 VIII-c-56 



VIII-c-57 



VIII-c-58 



VIII-c-59 



O- 

-o- 
-o- 

-o- 

■o- 
-o- 
-o- 

-o- 



A i3~ A 23 A 15 =A 25 A I7 =A 27 A 18 =A : 



-Ph 



28 



"Ph H 3-biphenylyl H 



H 2-biphenylyl H 



-Ph H 



-Ph 



-Ph H 



-Ph H 



-Ph H 



-Ph H 



-Ph H 



CI 



-OH 



-NO, 



-CN 



-SPh 



H 



-OPh H 



-Ph H -SCH, H 



"Ph H -NPh, H 



-COOH H 



-Ph 



H 2-pyridyl H 



55 
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10 



35 



Formula 
(VIII) 

Compound No. 



A)3~^23 A 15 A 25 A 17 A 27 A 18 -A : 



28 



VIII-c-60 



-Ph 



H CH, 



VIII-c-61 



-Ph 



CH, 



15 



VIII-c-62 



CO 



-Ph 



CHU 



H H 



20 



VIII-c-63 



-Ph 



H 



C 2 H 5 H 



25 



VIII-c-64 



CO 



-Ph 



H n-C 3 H 7 H 



30 



VIII-c-65 



-Ph 



H n~C 4 H g H 



VIII-c-66 



-Ph 



t~C 4 H 9 H 



VIII-c-67 



CO 



-Ph 



H -OCH, 



H 



40 



VIII-c-68 



CO 



-Ph 



A 17 and A) 8 form a 
benzene ring. 

A 27 and form a 
benzene ring. 



VIII-c-69 



-Ph 



H -Ph 



» VIII-c-70 



-Ph 



H -Ph 



55 
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Formula 
(VIII) 

Compound No. 



A i3~A 23 A 15 -A 25 A i7 =A 27 A 18 =A 28 



10 



VIII-c-71 



-Ph -Ph 



VIII-c-72 



~Ph H 1-naphthyl H 



15 



VIII-c-73 



lA ~ Ph H 2-naphthyl H 



20 



VIII-c-74 



1^ ' "Ph H 4-biphenylyl H 



2s VIII-c-75 



CO 



"Ph H 2-biphenylyl H 



30 



VIII-c-76 



-Ph H 



CI 



35 



VIII-c-77 



"Ph H -OH H 



VIII-c-78 



-Ph H 



-NO, 



40 



VIII-c-79 



CO 



-Ph H 



-CN 



45 



VIII-c-80 



CO 



-Ph H -OPh H 



so VIII-c-81 



-Ph 



H -SCH 3 H 



55 
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Formula 
(VIII) 

Compound No. 




^13-^23 




A 17 -A 27 




VIII-c-82 


XIX 


-Ph 


H 


-SPh 


H 


VIII-c-83 


xa 


-Ph 


H 


-NPh 2 


H 


VIII-c-84 


XXX 


-Ph 


H 


-C00H 


H 


VIII-c-85 


xa 


-ph 


H 


2-pyridyl 


H 



25 



30 



35 



40 



45 



50 
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Formula (VIII) 

Compound No. |™ A|3=Az3 A '6 =A 26 

vi ii-d-i -O-O- " Ph H 

VIII-d-2 hQh -Ph H 



VIII-d-3 XIX ^ 



^13 ~ 

-o-o- ~^9fXJ « 

rn N N 

A 23 = -Ph 
A I3 = 

VIII-d-5 -Q~ -OtVN H 

PIi A N N ; 
A 23 = -Ph 

VIII-d-6 "CH> H 

VIII-d-7 ^QhO- -Ph CH 3 

VIII-d-8 -<CH> ^ CH 3 

VIII-d-9 -hQhQk - Ph c 2 H 5 

VIII-d-10 ~©^y -Ph n-C 3 H 7 

VIII-d-11 -O-O- -Ph n-CA 
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Formula 
(VIII) 

Compound No. 






A 16 A 26 


^18 A 2S 


VIII-d-12 




-Ph 


t~C 4 Hg 


H 


VIII-d-13 




-Ph 


-OCH3 


H 


VIII-d-14 




-Ph 


H 


-Ph 


VIII-d-15 


-oo- , 


-Ph 


-Ph 


H 


VIII-d-16 


-oo- 


-Ph 


1-naphthyl 


H 


VIII-d-17 


-Q-Q- 


-Ph 


2-naphthyl 


H 


VIII-d-18 


-oo 


-Ph 


4-biphenylyl 


H 


VIII-d-19 


-OQ- 


-Ph 


3-biphenylyl 


H 


VIII-d-20 


-O-Q- 


-Ph 


2-biphenylyl 


H 


VIII-d-21 


-OO 


-Ph 


CI 


H 


VIII-d-22 


-oo 


-Ph 


-OH 


H 


VIII-d-23 




-Ph 


-N0 2 


H 
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Formula 
(VIII) 

Compound No. 



"in 



16 n 26 



VIII-d-24 hQhQ- 



VIII-d-28 hQhQ- 



VIII-d-29 



VIII-d-30 



VIII-d-31 



VIII-d-32 



VIII-d-33 



VIII-d-34 



VIII-d-35 



-0-O- 



-Ph 



VIII-d-25 "CK> -Ph 

VIII-d-26 -O-O- -Ph 

VIII-d-27 -O-O- . "Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-CN 



-OPh 



-SCH, 



-SPh 



-NH, 



-NH-Ph 



-NPh, 



-C00H 



-Ph 2-pyridyl 



-Ph 



CH 3 



CH, 
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Formula 
(VIII) 

Compound No. 




^13 A 2 3 


Ai6 A 26 


"18 A 28 


VIII-d-36 




-Ph 


C 2 H 5 


H 


VIII-d-37 


-o- 


-Ph 


n-C 3 H 7 


H 


VIII-d-38 




-Ph 


n-C 4 H 9 


H 


VIII-d-39 


-o- , 


-Ph 


t _ C 4 H 9 


H 


VIII-d-40 


-o- 


-Ph 


-0CH 3 


H 


VIII-d-41 


-o- 


-Ph 


H 


-Ph 


VIII-d-42 


-O- 


-Ph 


-Ph 


H 


VIII-d-43 


-o- 


-Ph 


1-naphthyl 


H 


VIII-d-44 


-o 


-Ph 


4-biphenylyl 


H 


VIII-d-45 


■o- 


-Ph 


3-biphenylyl 


H 


VIII-d-46 




-Ph 


2-biphenylyl 


H 


VIII-d-47 


-o- 


-Ph 


CI 


H 
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Formula (VIII) 
Compound No. 


Lin 


A] 3 -A 2 3 


Ai$ - A 2 6 


Aj8-A 2 6 


VIII-d-48 


-o- 


-Ph 


-OH 


H 


VIII-d-49 


-o- 


-Ph 


-N0 2 


H 


VIII-d-50 




-Ph 


-CN 


H 


VIII-d-51 


-o- 


-Ph 


-OPh 


H 


VIII-d-52 


-o- 


-Ph 


-SCH 3 


H 


VIII-d-53 


-o- 


-Ph 


-SPh 


H 


VIII-d-54 




-Ph 


-NPh 2 


H 


VIII-d-55 


-o- 


-Ph 


-COOH 


H 


VIII-d-56 


-Q- 


-Ph 


2-pyridyl 


H 


VIII-d-57 


XXX 


-Ph 


H 


CH 3 


VIII-d-58 


XXX 


-Ph 


CH 3 


H 


VIII-d-59 


XXX 


-Ph 


CH 3 


CH 3 
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Formula (VIII) 
Compound No. 




A]3-A 23 


A 16 A 26 


A)«-A 28 


5 


VIII-d-60 


XXX 


-Ph 


H 


C 2 H 5 


10 


VIII-d-61 


XXX 


-Ph 


C 2 H 5 


H 


15 


VIII-d-62 




-Ph 


n-C 3 H 7 


H 


20 


VIII-d-63 


XIX 


-Ph 


n~C 4 H 9 


H 








rn 


+ — c it 


u 
n 


25 














VIII-d-65 


XXX 


-Ph 


H 


-OCH3 


30 














VIII-d-66 


XIX 


-Ph 


-0CH 3 


H 


35 


VIII-d-67 


XXX 


-Ph 


-0CH 3 


-OCH3 


40 


VIII-d-68 


XXX 


-Ph 


H 


-Ph 


45 


VIII-d-69 


XXX 


-Ph 


-Ph 


H 




VIII-d-70 


XXX 


-Ph 


H 


1-naphthyl 


50 













55 
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Formula (VIII) 
Compound No. 



Lin 



'2S 



VIII - d - 71 XXX " Ph 1-naphthyl 



10 



VIII - d - 72 XXX ~ Ph 2-naphthyl 



15 



VIII-d-73 



~ Ph H 4-biphenylyl 



20 



VIII-d-74 



-Ph 4-biphenylyl H 



25 



VIII-d-75 



-Ph 3-biphenylyl H 



30 



VIII-d-76 



CO 



-Ph 2-biphenylyl 



VIII-d-77 



co 



-Ph 



CI 



35 



VIII-d-78 



CO 



-Ph 



-OH 



40 



VIII-d-79 



^ >i <^ 



-Ph 



-NO, 



45 



VIII-d-80 



co 



-Ph 



-CN 



50 



VIII-d-81 



-Ph. 



-OPh 



55 
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Formula (VIII) 
Compound No. 



Lin A 13 A 23 A 16 A 26 A, 8 -A 28 



VIII-d-82 T; Tl A -Ph -SCH 3 



VIII-d-83 T: II :l -Ph -SPh 



VIII-d-84 in ~Ph -NPh, 



VIII-d-85 ril -Ph -COOH 



VIII-d-86 Lljl "Ph 2-pyridyl 
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w 



20 



25 



30 



35 



40 



45 



50 



Formula (VIII) 



VIII-e-2 



VIII-e-3 



rm-e-j i - Ph 



Compound No. ^ ! A i3" A 23 A 17 -A 27 A 18 =A 28 



VI11 -- 4 -OO- -Ph H CH, 

VIII-e-5 OO - ^ 



VIII-e-6 - Ph CH, CH, 

VIII-e-7 _Q^)_ - Ph w „ 

VIII-e-8 -OO "Ph n-C s H, „ 

V,II-e-9 -Q^_ _ Ph ^ 

VIII-e-10 "OO "Ph n-CA H 

VIH-e-11 -OO- -Ph t-CA H 

VIII-e-12 OO ^ -OCH, H 



55 
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rormula 










(VIII) 






A 17 A 27 


^18~A 28 


Compound No. 










VIII-e-13 




-Ph 


A 17 and A, 8 form a benzene ring. 
A 27 and A 28 form a benzene ring. 


VIII-e-14 


hQ-0- 


-Ph 


H 


-Ph 


VIII-e-15 




-Ph 


-Ph 


H 


VIII-e-16 


<K>- 


-Ph 


-Ph 


-Ph 


VIII-e-17 




-Ph 


1-naphthyl 


H 


VIII-e-18 




-Ph 


2-naphthyl 


H 


VIII-e-19 




-Ph 


4-biphenylyl 


H 


VIII-e-20 




-Ph 


3-biphenylyl 


H 


VIII-e-21 




-Ph 


2-biphenylyl 


H 


VIII-e-22 


-o-o- 


-Ph 


CI 


H 


VIII-e-23 


-O-Q- 


-Ph 


-OH 


H 


VIII-e-24 


-oo- 


-Ph 


-N0 2 


H 
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Formula (VIII) 

Lju A, 3 -A 23 A 17 -A 27 



Compound No. 



-CN 



VIII-e-25 -Q-Q- -Ph 

VIII-e-26 -Ph -OPh 

VIII-e-27 hQh^- - Ph -s C H 3 

VIII-e-28 -O^D- ^ -SPh 

VIII-e-29 "O^D 1 ^ -NPh 2 

VIII-e-30 "QhQ- 

-Ph -COOH 

VHI-e-31 -®~®~ "Ph 2-pyridyl 

VIII-e-32 ~Q- - Ph H 



CH 3 



VIII-e-33 ~Q- - Ph 

VIII-e-34 -hQ- - Ph CH; 

VIII-e-35 HQ- -Ph C 2 H 5 

VIII-e-36 -hQh- - Ph n -c 3 H 7 

VIII-e-37 -Q- - Ph n -c 3 H 7 



3 
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Formula (VIII) 
Compound No. 


Lin 


A 13 -A 23 


A 17 -A 27 


Ai8 _ A 28 


VIII-e-38 


-o- 


-Ph 


n-C 4 H 9 


H 


VIII-e-39 




-Ph 


t-C 4 H 9 


H 


VIII-e-40 


-o- 


-Ph 


H 


-OCH3 


VIII-e-41 


-o- 


-Ph 


-OCH3 


H 


VIII-e-42 




-Ph 


A 17 and A l8 form a benzene ring. 
A 27 and A 28 form a benzene ring. 


VIII-e-43 


-o- 


-Ph 


H 


-Ph 


VIII-e-44 


-o- 


-Ph 


-Ph 


H 


VIII-e-45 


-o- 


-Ph 


-Ph 


-Ph 


VIII-e-46 


-o- 


-Ph 


1-naphthyl 


H 


VIII-e-47 


-o- 


-Ph 


2-naphthyl 


H 


VIII-e-48 


-o- 


-Ph 


H 


4-biphenylyl 


VIII-e-49 


-Q- 


-Ph 


4-biphenylyl 


4-biphenylyl 
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Formula (VIII) " ' 

Compound No. 1)11 A n = &2z A 17 =A 27 

VIII-e-50 -Q- -p h 3-biphenylyl 

VIII ~ e - 51 -Q- -Ph 2-biphenylyl 



VIII-e-52 ~Q- _ Ph 

VIII-e-53 -O - Ph 

VIII-e-54 -O- - Ph 

VIII-e-55 hQh- - Ph 

VIII-e-56 _ Ph 

VIII-e-57 _ Ph 



CI 



-OH 



-N0 2 



-CN 



-OPh 



-SCH 3 



-SPh 



VIII-e-58 HQ- -Ph 

VIII-e-59 -Ph -NPh 2 

VIII - e - 60 ~0~ -Ph -C00H 

VIII-e-61 -O- ^h 2-pyridyl 
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Formula (VIII) 
Compound No. 




111 


A)3 A 2 3 


A 17 -A 27 


A18 A 28 


VIII-e-62 


X 


a 


-Ph 


H 


CH 3 


VIII-e-63 


X 


a 


-Ph 


CH 3 


H 


VIII-e-64 


X 


a 


-Ph 


CH 3 


CH 3 


VIII-e-65 


X 


a 

• 


-Ph 


C 2 H 5 


H 


VIII-e-66 


X) 


a 


-Ph 


n-C 3 H 7 


H 


VIII-e-67 


X 


a 


-Ph 


n-C 3 H 7 


n-C 3 H 7 


VIII-e-68 


X) 


a 


-Ph 


n-C 4 H 9 


H 


VIII-e-69 


X) 




-Ph 


t _ C 4 Hg 


H 


VIII-e-70 


X) 


a 


-Ph 


t~C 4 Hg 


t~C 4 H 9 


VIII-e-71 


X) 




-Ph . 


-OCH3 


H 


VIII-e-72 


X) 


a 


-Ph 


A, 7 and A 18 form a benzene ring. 
A 27 and A 28 form a benzene ring. 
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Formula (VIII) 
Compound No. 




A, 3 A 23 


A 17 -A 27 




VIII-e-73 


XIX 


-Ph 


H 


-Ph 


VIII-e-74 


m 


-Ph 


-Ph 


H 


VIII-e-75 


XIX 


-Ph 


-Ph 


-Ph 


VIII-e-76 


XIX 


-Ph 


1-naphthyl 


H 


VIII-e-77 


xa 


-Ph 


2-naphthyl 


H 


VIII-e-78 


XIX 


-Ph 


3-biphenylyl 


H 


VIII-e-79 


XIX 


-Ph 


2-biphenylyl 


H 


VIII-e-80 


XIX 


-Ph 


CI 


H 


VIII-e-81 


XIX 


-Ph 


-OH 


H 


VIII-e-82 


XIX 


-Ph 


-N0 2 


H 


VIII-e-83 


XIX 


-Ph 


-CN 


H 
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Formula (VIII) 
Compound No. 




A|3 A 2 3 


A 17 -A 27 


^18 A 28 


5 


VIII-e-84 


X) 


if 5 *! 


-Ph 


-OPh 


H 


10 


VIII-e-85 


u 




-Ph 


-SCH 3 


H 


15 


VIII-e-86 






-Ph 


-SPh 


H 


20 


VIII-e-87 




« 


-Ph 


-NPh 2 


H 




VIII-e-88 






-Ph 


-COOH 


H 


25 














30 


VIII-e-89 




a 


-Ph 


2-pyridyl 


H 



35 



40 



45 



50 
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Formula (VIII) 
Compound No. 


Lin 


A ]3 A 23 




A l8 A 28 


5 


VIII-f-1 




-Ph 


H 


H 


10 


VIII-f-2 




-Ph 


H 


H 


15 


VIII-f-3 




-Ph 


H 


H 


20 


VIII-f-4 




-Ph 


H 


CH 3 




VIII-f-5 




-Ph 


CH 3 


H 


25 


VIII-f-6 


-OO- 


-Ph 


CH 3 


CH 3 


30 


VIII-f-7 


■oo- 


-Ph 




H 


35 


VIII-f-8 




-Ph 


n-C 3 H 7 


H 




VIII-f-9 


-O-©- 


-Ph 


n~C 4 H 9 


H 


40 


VIII-f-10 




-Ph 


t~C 4 H 9 


H 


45 


VIII-f-11 


-OO- 


-Ph 


-0CH 3 


H 


50 


VIII-f-12 




-Ph 


H 


-Ph 



55 
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Formula (VIII) 
Compound No. 




^13 A 2 3 


^15-^25 


A 18-^28 


VIII-f-13 




-Ph 


"Ph 


H 


VIII-f-14 




~Ph 


-Ph 


-Ph 


VIII-f-15 




-Ph 


H 


1-naphthyl 


VIII-f-16 




-Ph 


1-naphthyl 


H 


VIII-f-17 


-O-O- 


-Ph 


2-naphthyl 


H 


VIII-f-18 


-o-o- 


-Ph 


4-biphenylyl 


H 


VIII-f-19 




-Ph 


3-biphenylyl 


H 


VIII-f-20 




-Ph 


2-biphenylyl 


H 


VIII-f-21 




-Ph 


CI 


H 


VIII-f-22 




-Ph 


-OH 


H 


VIII-f-23 


-o~o- 


-Ph 


-N0 2 


H 


VIII-f-24 


-O-Q- 


-Ph 


-CN 


H 
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VIII-f-31 



VIII-f-32 



VIII-f-33 



VIII-f-34 



VIII-f-35 



VIII-f-36 



~SCH 3 



-SPh 



-NPh, 



Formula (VIII) ~~~ " 

Compound No. Lui A 13 =A 23 A, 5 =A 25 

VIII-f-25 -Q-Q- "Ph -OPh 

VIII-f-26 -CH> -Ph 

VIII-f-27 "CH> -Ph 

VIII-f-28 -OO- ^ 

VIII-f-29 -OO- -Ph -C00H 

VIII-f-30 h£H> -Ph 2-pyridyl 

-Q- ~Ph H 

-O" -Ph 

-Q- -Ph 

-Q- -Ph 

-Ph n-C 3 H 7 

-Ph n-C 4 H 9 



CH 3 



CH, 



C 2 H 5 
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Formula (VIII) 
Compound No. 




An A 23 


A !5 A 25 




VIII-f-37 


-o- 


-Ph 


t-C^ 


H 


VIII-f-38 


-o- 


-Ph 


-0CH 3 


H 


VIII-f-39 




-Ph 


H 


-Ph 


VIII-f-40 


-o- 


-Ph 


-Ph 


H 


VIII-f-41 


-o- 


-Ph 


-Ph 


-Ph 


VIII-f-42 




-Ph 


1-naphthyl 


H 


VIII-f-43 




-Ph 


2-naphthyl 


H 


VIII-f-44 


-o- 


-Ph 


4-biphenylyl 


H 


VIII-f-45 


-o- 


-Ph 


3-biphenylyl 


H 


VIII-f-46 




-Ph 


2-biphenylyl 


H 


VIII-f-47 


-o- 


-Ph 


CI 


H 


VIII-f-48 


-o- 


-Ph 


-OH 


H 
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Formula (VIII) 
Compound No. 


Lin 




A 15-^25 


A18-A28 


5 


VIII-f-49 


-o- 


-Ph 


-NO, 


H 


10 


VIII-f-50 




-Ph 


-CN 


H 


15 


VIII-f-51 




-Ph 


-OPh 


H 




VIII-f-52 




-Ph 


-SCH 3 


H 


20 














VIII-f-53 




-Ph 


-SPh 


H 


25 


VIII-f-54 


o- 


-Ph 


-NPh 2 


H 


30 


VIII-f-55 


o- 


-Ph 


-COOH 


H 


35 


VIII-f-56 




-Ph 


2-pyridyl 


H 




VIII-f-57 


XXX 


-Ph 


H 


CH 3 


40 














VIII-f-58 


XXX 


-Ph 


CH 3 


H 


45 


VIII-f-59 


xxx 


-Ph 


CH, 


CH 3 . 


50 


VIII-f-60 


XXX 


-Ph 


C 2 H 5 


H 



55 
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Formula (VIII) 
Compound No. 




^13-^23 


^15-^25 




5 


VIII-f-61 


XXX 


-Ph 


n-C 3 H : 


H 


10 


VIII-f-62 


m 


-Ph 


n-C 4 H 9 


H 


15 


VIII-f-63 


XIX 


-Ph 


t-C 4 H 9 


H 


20 


VIII-f-64 


m 


-Ph 


-OCH3 


H 


25 


VIII-f-65 


XXX 


-Ph 


H 


-Ph 




VIII-f-66 
VIII-f-67 


m 

XXX 


-Ph 
-Ph 


-Ph 
-Ph 


H 
-Ph 


35 


VIII-f-68 


m 


-Ph 


1-naphthyl 


H 


40 


VIII-f-69 


XIX 


-Ph 


2-naphthyl 


H 


45 


VIII-f-70 


xa 


-Ph 


4-biphenylyl 


H 


50 


VIII-f-71 


xa 


-Ph 


3-biphenylyl 


H 



55 
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Formula (VIII) ~ 
Compound No. L ' n A i3 = A 23 Ai5=A 2 5 



VIII-f-79 



VIII - f " 72 ■ XXX -«» 2-biphenylyl 



VIII " f - 73 m "Ph 



VIII - f - 74 XXX ^ 

VIII-f-75 Wl - Ph 



VIII " f - 76 Ol -Ph 



VIII-f-77 



CO 



viii-f-si xn -Ph 



Cl 



-OH 



-NO, 



-CN 



"Ph -OPh 

VIII-f-78 XXX ^ -SCH 3 

"Ph -SPh 

VIII-f-80 XXX ^ "NPh 2 



-COOH 



vui-f- 82 rn . Ph 2 _ pyridyl 
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Formula (VIII) 
Compound No. ^112 



^13 ^23 



A 15 A 25 



^16 ^26 



A J7 -A 2 7 



^18 ^28 



38 



10 



15 



20 



25 



30 



35 



40 



45 



VIII-g-1 
VIII-g-2 
VIII-g-3 
VIII-g-4 
VIII-g-5 

VIII-g-6 

VIII-g-7 

VIII-g-8 

VIII-g-9 

YIII-g-10 

VIII-g-11 

VIII-g-12 



A 

A 
A 
A 

1 

-N- 
1 

-N- 



1 

-N- 



1 



1 



A 15 and A 36 form a benzene ring. 
H A 25 and A 26 form a benzene ring. 
Ajs and A 36 form a benzene ring. 

A, s and A I6 form a benzene ring. 
H A 25 and A 26 form a benzene ring. 
A 35 and A 36 form a benzene ring. 



-Ph 



-Ph 



-Ph 



-Ph 
-Ph 
-Ph 



A' !5 and Ai 6 form a benzene ring. 
A 25 and A 26 form a benzene ring. 
A 35 and form a benzene ring. 

A J5 and A, 6 form a benzene ring. 
A 25 and A 26 form a benzene ring. 
A 35 and A 36 form a benzene ring. 



H 



H 



A JS and A I6 form a benzene ring. 
A 2S and A 26 form a benzene ring. 
Ajs and A 36 form a benzene ring. 

A, 5 and A 16 form a benzene ring. 
A 25 and A 26 form a benzene ring. 
A 35 and A 36 form a benzene ring. 



H 



H 



A 15 and A J6 form a benzene ring. 
A 25 and A 26 form a benzene ring. 
A 35 and A 36 form a benzene ring. 

A JS and A 16 form a benzene ring. 
A 25 and A 26 form a benzene ring. 
A 35 and A 36 form a benzene ring. 



H H 

A, 7 and A, 8 form a benzene ring. 
A 27 and A 28 form a benzene ring. 
A 37 and A 38 form a benzene ring. 

H H 



Aj 7 and A 18 fcrm a benzene ring. 
A 27 and A 28 fcrm a benzene ring. 
A 37 and A 38 form a benzene ring. 



H 



H 



H 



H 



A, 7 and A Ig form a benzene ring. 
A 27 and h zs form a benzene ring. 
A 37 and A 38 form a benzene ring. 



H 



H 



H 



H 



A 17 and A l8 form a benzene ring. 
A 27 and A^ form a benzene ring. 
A 37 and A M form a benzene ring. 



H 



H 



50 



55 
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Formula A l3 =A 23 A 15 =A 25 A l6 =A 26 A 17 -A 27 A 18 ^A 28 

(VIII) -A 33 =A 35 =A 36 -A 37 -A : 



38 



Compound No. 



VIII-g-13 <D H H H H H 

A, 5 and A 16 form a benzene ring. 

VIII-g-14 H A^ and A 2fi form a benzene ring. H H 

to "~ As and A 3£ form a benzene ring. 

r^S A, s and A, 6 form a benzene ring. A l7 and A, 8 form a benzene ring. 

VI I I-e-1 5 H A25 and A 26 form a benzene ring. A 27 and A 28 form a benzene ring. 

* ^y^^y- Ass and A 36 form a benzene ring. A 37 and A M form a benzene ring. 

VIII-g-16 "Ph H H H H 

l^fl A H and A, 6 form a benzene ring. A 1T and A I8 form a benzene ring. 

VIII-g-17 ~ Ph Ajs and A 26 form a benzene ring. A 27 and A* form a benzene ring. 

~^ C3~ ~C^~ A * ™ A h * form a benzene ring * A3? and Am fom 3 benzene nng * 

ftK, A ]S and A,s form a benzene ring. 

VIII-g-18 _ 'Ph A s and Ajg form a benzene ring. H H 

— ^^-N-^^— A 3S and A 36 form a benzene ring. 



VIII-g-19 



A 



-Ph H H -Ph 



VIII-g-20 f\ "Ph -Ph 



VIII-g-21 



-Ph H -Ph 



VIII-g-22 f\ "Ph 



-Ph 
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Formula A 13 = A 2 3 Aj 5 -A 25 A 16 -A 26 A, ; -A 27 A 18 -A 28 

(VIII) 112 ~A 3 3 - A35 "^36 — A37 - A 3 8 



Compound No. 



VIII-g-23 j^f^ -Ph H H CI H 

VIII-g-24 -Ph H H -OH H 

VIII-g-25 (K -Ph H H -NO, H 



A 
A 
A 
A 

A 
A 
A 
A 
A 
A 

vni-g-34 J^X ~ Ph H H ^py 1 " 1 ^ 1 H 



VIII-g-26 -Ph H H -CN H 

VIII-g-27 -Ph H H -OPh H 

VIII-g-28 J^X ~ Ph " H " SCH3 " 

VIII-g-29 J^X ~ Ph H H -SPh H 

VIII-g-30 J(^X ~ PH " H ~ Wh " 

VIII-g-31 J^X. ~ Ph H H CH 3 H 

VIII-g-32 J^X ~ Ph H H "° CH3 " 

VIII-g-33 r^Sl -Ph H H -COOH H 
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10 



20 



30 



40 



45 



50 



{ A i3 A 23 A 15 -A 25 A ]6 -A 26 A 17 =A 27 A 18 =A 28 



Formula 

(vin) Lm =a 33 =a 35 "= A ;; "= A ;; "= A ; 

Compound No, 



VIII-g-39 _J,_ - Ph 



25 VIII-g-40 » -p h 



VIII-g-41 _,!,_ - Ph 

VHI-g-42 ^- "Ph H H 



VIII-g-35 _,»_ -p h H H -Ph 

VIII-g-36 -Ph -Ph H 



H 



is VIII-g-37 -p h H -Ph H 

VIII-g-38 -p h H H H 



H 
-Ph 

N- ~Ph H H CJ H 



N- -™ H H -OH H 



-N— -Ph H H -N0 2 



-CN 



VIII-g-43 -p h H H -OPh H 

VIII-g-44 _,»,_ - Ph H H -SCH 3 H 

VIII-g-45 - Ph H H -SPh H 

VIII-g-46 - Ph H H -NPh H 

VIII-g-47 - Ph H H CH 3 H 

VIII-g-48 _■_ -p h H H -0CH 3 



55 
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Formula A n =A 23 A 16 =A 25 A 16 =A 26 A I7 =A 27 A l8 =A 28 

(VIII) 112 =A 33 =A 35 =A 36 =A 37 =A 38 
Compound No. 

VIII-g-49 -Ph H H -COOH H 

VIII-g-50 -Ph H H 2-pyridyl H 



A. 



VIII-g-51 _V "Ph H H -Ph H 



VIII-g-52 _^V^_ ^ h -Ph H H H 

VIII-g-53 O -Ph H -Ph H H 



VIII-g-54 _M "Ph H H H -Ph 



VIII-g-55 V -Ph H H CI H 



VIII-g-56 _ U -Ph H H -OH H 



VIII-g-57 _Ph H H -N0 2 H 
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Formula A 13 -A 23 A ]S -A 25 Ai6~A 26 A 17 -A 27 A ]8 -A 28 

(VIII) L " 2 =A 33 =A 35 =A 36 =A 37 =A 38 

Compound No. 



VIII-g-58 "Ph H H -CN H 



VIII-g-59 V -Ph H H -OPh H 



VIII-g-60 -Ph H H -SCH 3 H 

-0*0 



VIII-g-61 kj -Ph H H -SPh H 



VIII-g-62 V 1 -Ph H H -NPh H 

o 



VIII-g-63 V -Ph H H CH 3 H 



VIII-g-64 O -Ph H H -0CH 3 H 



VIII-g-65 V -Ph H H -C00H H 

-O-N-o- 



VIII-g-66 M -Ph H H 2-pyridyl H 
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Formula A 13 =A 23 A 16 =A 26 A 17 =A 27 A 18 =A 28 

(VIII) 112 ~A 33 -A 36 -A 37 =A 38 
Compound No. 

VIII-h-1 M H H H 



VIII-h-2 V "Ph H H 



VIII-h-3 H H H 



VIII-h-4 • -Ph H H H 



VIII-h-5 _V H H H H 



VIII-h-6 V -Ph H H 



A 16 and A 17 form a benzene ring. 
VTTT-Vi-7 ^I^^T^ u A 26 and A 27 form a benzene ring. 

V 1 1 3 n ; y H A 36 and A 37 form a benzene ring. 



A l6 and A, 7 form a benzene ring. 
VII I-h-8 ^Cp^ -Ph Az6 3nd kv form 8 benzene r ing ' 



A 36 and A 37 form a benzene ring. 



A, 7 and A 18 form a benzene ring. 

VIII~h-9 "If^T" H H A " and Az8 f ° rm 3 benzene r * ng ' 

1 A u ' " A 37 and A 38 form a benzene ring. 



A, 7 and A I8 form a benzene ring. 

VIII-h- 10 "Xp^ ~Ph H hv and A28 f ° rm 3 benzene ring * 



A 37 and A 38 form a benzene ring. 
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10 



15 



20 



45 



50 



55 



Formula 
(VIII) 

Compound No. 



(VIII) L,„ ^ ^ ^ A A 

rt 33 -A 36 =A 37 =A 3e 



VIII-h-11 _ ph _ ph 

VIII-h-12 -Ph H 

VIII-h-13 Xjf -Ph H 

VIII-h-14 ■ -Ph H 



VIII-h-17 y -Ph H 

VIII-h-18 > X^ -Ph H 

« VIII-h-19 X^ - Ph H 

VIII-h-20 - Ph H 

VIII-h-21 XjX _ ph H 



VIII-h-22 y -Ph H 



-Ph 



CI 



-SCH, 



-SPh 



-NPh, 



H 



-Ph 



VHI-h-15 -Ph H -OH H 

VIH-h-16 X^ -Ph H -N0 2 H 



-CN H 



-OPh 
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Formula (VIII) 
Compound No. 


^112 


A 23 

"A 33 


Ai6 A 26 A, 7 -A 27 
-A36 = A 37 


A)8 A 2B 
~A 38 


VIII-h-23 


y 


-Ph 


H -OCH 3 


H 


VIII-h-24 


y 


-Ph 


H -COOH 


H 


VIII-h-25 


y 


-Ph 


H 2-pyridyl 


H 


VIII-h-26 


1 

-N- 


H 


A 16 and A 17 form a benzene ring. 
A 26 and A 27 form a benzene ring. 
A^ and A 37 form a benzene ring. 


H 


VIII-h-27 


i 

— N- 


-Ph 


A 16 and A J7 form a benzene ring. 
Ajj and A 27 form a benzene ring. 
A^ and A 37 form a benzene ring. 


H 


VIII-h-28 


1 

— N- 


H 


A, 7 and A 18 form a benzene ring. 
H A 27 and A 28 form a benzene ring. 
A 37 and A 38 form a benzene ring. 


VIII-h-29 


i 

— N— 


-Ph 


A I7 and A, e form a benzene ring. 
H A 27 and A a form a benzene ring. 
A 37 and A 38 form a benzene ring. 


VIII-h-30 

T X X X 11 \J\J 


— N- 


-Ph 


-Ph H 


H 


VIII-h-31 


I 

IN 


-Ph 


H -Ph 


H 


VIII-h-32 


-N- 


-Ph 


H H 


-Ph 


VIII-h-33 


— N- 


-Ph 


H CI 


H 



183 



EP1 148 109 A2 





Formula 
(VIII) 


Ln2 


Ai3"A 23 
= A 33 


Aj6 A 2 6 
= A 3 6 


A 17 A 27 

~A 3 7 


Ai8~A 28 
~A 38 


5 


Compound No. 












10 


Vlll n o4 


1 

-N- 


-Ph 


H 


-OH 


H 


VIII-h-35 


i 

-N- 


-Ph 


H 


-N0 2 


H 


15 


Vlll-n-oo 


l 

-N- 


-Ph 

ill 


H 


-CN 


H 




VIII-h-37 


l 

-N- 


ill 


H 
1 1 


-OPh 


H 


20 
















VIII-h-38 


i 

-N- 


-Ph 


H 


-SCH 3 


H 


25 


l/TTT L. OA 

VIII-h-,39 


1 

-N- 


-Ph 


H 

1 1 


-SPh 


H 




VIII-h-40 


l 

-N- 


-Ph 


H 
1 1 


-NPh, 


H 


30 
















VIII-h-41 


i 

-N- 


-ph 


H 


CH 3 


H 


35 


VTTT-h-49 


1 

-N- 


-Ph 


H 


-OCH3 


H 




VIII-h-43 


-N- 


-Ph 


H 


-C00H 


H 


40 
















VIII-h-44 


1 

-N- 


-Ph 


H 


2-pyridyl 


H 


45 


\/T T T V. A C 

VIIl-n-4o 


6 

-O-N-Q- 


H 

n 


A I6 and A I7 
A 2 e and A 2 7 
A3S and A 37 


form a benzene ring, 
iorni a Denzene ring, 
form a benzene ring. 


H 


50 


VIII-h-46 


-0*0- 


-Ph 


Aj 6 and A, 7 
A 26 and A 27 
A 38 and A 37 


form a benzene ring, 
form a benzene ring, 
form a benzene ring. 


H 



55 
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Formula 
(VIII) 

Compound No, 



Ate— A. 



16 n 26 



"112 



~^33 =A 36 



A 17 ~A 27 
= A 37 



= A 38 



VIII-h-47 



VIII-h-48 



VIII-h-49 



VIII-h-50 



VIII-h-51 



VIII-h-52 



VIII-h-53 



VIII-h-54 



// \> 



-o*o- 



H H 



-Ph H 



A„ and A, 8 form a benzene ring. 
A 2 , and A 28 form a benzene ring. 
A 3 ; and A M form a benzene ring. 



A„ and A, s form a benzene ring. 
A 27 and A M form a benzene ring. 
A 37 and A 38 form a benzene ring. 



-Ph -Ph H 



-Ph H -Ph 



-Ph H H 



-Ph H CI 



-Ph H -OH 



-Ph H 



-NO, 



-Ph 



H 



H 
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Formula A 13 -A 23 A, 6 -A 26 A 17 A 27 
(VIII) Ll12 =A 33 =A 36 =A 37 
Compound No. 



VIII-h-55 



VIII-h-56 



VIII-h-57 



VIII-h-58 



VIII-h-59 



VIII-h-60 



VIII-h-61 



VIII-h-62 



VIII-h-63 
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Formula 
(VIII) 

Compound No. 



-112 



A13 A 23 



A]5 A 25 A 17 A 27 A 18 A 28 

~^35 "^37 ~A 38 



VIII-i-1 



VIII-i-2 



-Ph 



H 



H 



VIII-i-3 



VIII-i-4 



-N- 



H 



H 



VIII-i-5 



VIII-i-6 



VIII-i-7 



VIII-i-8 



VIII-i-9 



-ph 



H 



H 



-N- 



VIII-i-10 _ Q 



-Ph 



-Ph 



H 



H 



A 17 and A 18 form a benzene ring. 
A 27 and A 28 form a benzene ring. 
A 37 and A^ form a benzene ring. 

A, 7 and A l8 form a benzene ring. 
A 27 and A 28 form a benzene ring. 
A 37 and A^ form a benzene ring. 

A l7 and Ai 8 form a benzene ring. 
A 27 and A^ form a benzene ring. 
A 37 and A M form a benzene ring. 

A ]7 and A 18 form a benzene ring. 
A 27 and A 28 form a benzene ring. 
A 37 and A^ form a benzene ring. 



A 17 and A J8 form a benzene ring. 
A 27 and A 28 form a benzene ring. 
A 37 and .A M form z benzene ring. 
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5 



10 



15 



25 



30 



35 



" 40 



45 



50 



55 



Formula A 13 -A 23 A 15 -A 25 A 17 -A 27 A I8 -A 28 

(VIII) L " 2 =A 33 =A 35 =A 37 =A 38 



Compound No. 



VIII-i-11 y -Ph -Ph H H 

VIII-i-12 -Ph H -Ph H 



VIII-i-13 y -Ph H H -Ph 

20 VIII-i-14 . -Ph H CI H 



y 

y 

y 
y 
y 
y 
y 
y 
y 



VIII-i-15 y -Ph H -OH 

VIII-i-16 -Ph H -N0 2 

VIII-i-17 ^X^f -Ph H -CN 

VIII-i-18 -Ph H -OPh 



VIII-i-19 -Ph H -SCH 3 H 

VIII-i-20 y -Ph H -SPh H 

VIII-i-21 «Q> -Ph H -N-Ph 2 H 




VIII-i-22 M -Ph H CH, 
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5 


Pnrmi i 1 a 
i UI IJtlila 

(VIII) 

Lompounu no. 


L-H2 


A =A 


A =A 

= A - 35 


A =A 
"^37 


A =A 

^18 A 28 




VIII-i-23 




-Ph 


H 


-0CH 3 


H 


10 
















VIII-i-24 




-Ph 


H 


-C00H 


H 


15 
















VIII-i-25 


YY 

V 

1 


-Ph 


H 


2-pyridyl 


H 


20 


VIII 1 LXj 


— N— 


-Ph 


-Ph 

rn 


u 
n 


u 
n 




VIII 1 a t 


1 

-N- 


rn 


u 
n 


-Ph 

rn 


n 


25 
















VIII-i-28 


1 

-N— 


-Ph 


H 


H 


-Ph 




viii 1 


1 

-N- 


-Ph 
rn 


n 


n 


n 




VIII 1 ou 


l 

-N- 


-Dh 

rn 


u 
n 


Uri 


u 
n 


35 
















VIII-i-31 


l 

-N- 


-Ph 


H 


-N0 2 


H 


40 


VTTT-i-^9 
V 111 i o^< 


l 

-N- 


-Ph 

i n 


n 
n 




H 

n 




»I1I X OO 




-Ph 

rn 


H 
n 


-nph 

ur 11 


H 
n 


45 
















* J. X X X O x 


l 

-N- 


-Ph 


H 


-SfH 


H 


50 


VIII-i-35 


1 

-IM- 


-Ph 


H 


-SPh 


H 




VIII-i-36 


1 

-N- 


-Ph 


H 


-N-Ph 2 


H 



55 
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Formula A 13 =A 23 A, 5 =A 25 A 17 A 27 A l8 ~A 28 

(VIII) L " 2 =A 33 =A 35 =A 37 =A 38 

Compound No. 

VIII-i-37 -li- "Ph H CH 3 H 

VIII-i-38 -A- ~Ph H -OCH3 H 

VIII-i-39 -rlj- -Ph H -COOH H 

VIII-i-40 _N- ~Ph H 2-pyridyl H 



VIII-i-41 V -Ph "Ph H H 



VIII-i-42 U -Ph H -Ph H 



VIII-i-43 UJJ„ -Ph H H -Ph 

-C-K>- 



VIII-i-44 V 1 -Ph H CI H 




VIII-i-45 • V 1 -Ph H -OH H 



VIII-i-46 y -Ph H -N0 2 H 
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5 



10 



15 



30 



35 



40 



45 



50 



55 



Formula A 13 =A 23 A 15 =A 25 A 17 =A 27 A 18 =A 28 

(VI II) 1J - -A 33 ~A 25 =A 37 =A33 



Compound No. 



VIII-i-47 U -Ph H -CN H 



VIII-i-48 „Q„ ~ Ph H "OPh H 

-0*0- 

20 VIII-i-49 O -Ph H -SCH 3 H 

-o-s-o-' 



25 VIII-i-50 Ul -Ph H -SPh H 



VIII-i-51 _Q -Ph H -N-Ph, H 



VIII-i-52 V -Ph H CH, 

-0*0- 



6. 



VIII-i-53 \D -Ph H -OCH3 H 



VIII-i-54 kJ -Ph H -C00H H 



VIII-i-55 ^V* " Ph H 2-pyridyl H 
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10 



15 



20 



25 



30 



35 



40 



45 



Compound No. 



Formula 

(VIII) L n2 A 13 =A 2 3=A 33 A 16 =A 26 =A 36 A 18 =A 28 =A 38 




VIII-j-1 

VIII-j-2 *¥^f ~ Ph 

VIII-j-3 ^ H 



55 



VIII-j-12 - Ph - 0 Ph 



VIII-j-4 

VIII-j-5 "Ph H H 

VHI-j-6 -p h -p h H 

VIII-j-7 - Ph H -Ph 

vin ~ j ~ 8 j6l _ph ci h 



VIII-j-10 -Ph -N0 2 

» VIII-j-1 1 -Ph -CN 
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Formula 
(VIII) 

Compound No. 



A 13 — A23~-A 33 A I6 ~A 26 -A3 6 A 18 ~A28"*A ; 



38 



10 



15 



20 



25 



30 



35 



40 



45 



50 



VIII-j-13 
VIII-j-14 
VIII-j-15 
VIII-j-16 
VIII-j-17 
VIII-j-18 

VIII-j-19 

VIII-j-20 
VIII-j-21 
VIII-j-22 
VIII-j-23 
VIII-j-24 
VIII-j-25 



A 
A 
A 
A 
A 
A 

1 

— N— 



I 

-N- 



1 

-N- 



l 

-N- 



I 

-N- 



1 

-N- 



-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 
-Ph 



-SCH 3 
-SPh 

-N-Ph 2 

CH 3 
-OCH3 

-COOH 

2-pyridyl 

-Ph 
H 
CI 
-OH 

-N0 2 
-CN 



H 



H 
H 

-Ph 
H 
H 
H 
H 



55 
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Formula 
(VIII) 

Compound No. 



-■U2 



Ai3-A 2 3-A 33 A 16 -A 26 -A 



36 



VIII-j-26 

VIII-j-27 

VIII-j-28 

VIII-j-29 

VIII-j-30 

VIII-j-31 

VIII-j-32 

VIII-j-33 

VIII-j-34 
VIII-j-35 



i 

-N- 



l 

-N- 



i 

-N- 



l 

-N- 



I 

-N- 



i 

-N- 



i 

-N- 



l 

-N- 




-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 

-Ph 
-Ph 



-OPh 
-SCH 3 
-SPh 
-N-Ph 2 
CH 3 
-OCH 3 
-COOH 
2-pyridyl 

-Ph 
H 



VIII- j-36 " Ph 



Cl 



VIII-j-37 — _Ph 



-OH 
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Formula 

(VIII) ^112 Ai3"^23~A33 A 16 =A 26 = A 36 A 18 =A 28 =A 3g 

Compound No. 



VIII-j-38 V ~ Ph ~ N0 2 



VIII- j-39 / \ ^ - " CN 



VIII-j-40 -Ph -OPh H 

-0*0- 



VIII-j-41 V -Ph -SCH, 

-O-2-O- 

VIII-j-42 Q -Ph -SPh 



VIII-j-43 M -Ph -N-Ph, 



VIII-j-44 V ~ p h CH 3 H 



VIII-j-45 V- _Ph -OCH, 



VIII-j-46 V_ -Ph -C00H H 
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Formula 




(VIII) 


I A .=Aoo=Aoo A,c=Ao C =A, e A 1 o=Aoc=Aoo 

^112 "13 "23 "33 n 16 "26 "36 "18 "28 "38 


Compound No. 




VIII-j-47 


Q -Ph 2-pyridyl H 





15 



25 



30 



35 



40 



45 



50 
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Formula 

(VIII) ^112 Aj3=A 2 3=A 3 3 A 17 =A27=A 37 A 18 =A 28 = A 38 

Compound No. 



VIII-k-1 



y 
y 



vni-k-2 y -ph 

VIII-k-3 H H 

VIII-k-4 -Ph H 



VIII-k-5 M H 



VIII-k-6 -Ph H H 

VTTT-U-7 ^IPT" U Al7 and A,s f0m 3 benzene ring ' 

Vlli K ' " A^ and A2a form a benzene ring. 

A37 and A^ form a benzene ring. 

N Y^T" nL A J7 and A 1S form a benzene ring. 

V1A1 k " tf Y " Ph A* and A* form a benzene ring. 

A 37 and A33 form a benzene ring. 

, A 17 and A 18 form a benzene ring. 

Vlli k y -N- » A3? and A^ form a benzene ring. 

AgT and form a benzene ring. 

VTTT , in | A l7 and A 18 form a benzene ring. 
V111 k 1U -N- ~ Ph A* and A3 form a benzene ring. 
A^ and A^ form a benzene ring. 
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Formula 

(VIII) Ll12 A i3" A 23 =A 33 A 17 =A 27 =A 37 A 18 =A 28 =A 38 
Compound No. 

VTTT , - - f\\ A J7 and A J8 form a benzene ring. 

VAA1 R 11 vTV^^V Az? and As fom a benzene ring - 

N "Vy" A 37 and Aaj form a benzene ring. 



VIII-k-12 V* -Ph 



VIII-k-15 -Ph CI H 

VIII-k-16 -Ph -OH H 

VIII-k-17 -Ph -N0 2 H 

VIII-k-18 -Ph -CN H 

VIII-k-19 -Ph -OPh H 

VIII-k-20 -Ph -SCH, H 



A 17 and A 18 form a benzene ring. 
A^ and A^ form a benzene ring. 



\=/ A 37 anc * A 38 foira a benzene ring. 

VIII-k-13 -Ph -Ph H 

VIII-k-14 A -Ph H -Ph 



VIII-k-21 -Ph -SPh 
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Formula (VIII) 

Compound No. A l3 =A 23 =A 33 A„-A 27 -A 37 A 18 =A 28 =A 38 

VIII-k-22 . -Ph -N-Ph, H 



A 
A 
A 

A 



VIII-k-23 r^i -Ph CH, 



VIII-k-24 r^ii -Ph -OCH, H 



VIII-k-25 t^n -Ph -COOH 



VIII-k-26 |^ -Ph 2-pyridyl 

VIII-k-27 -Ph -Ph H 

VIII-k-28 -Ph H -Ph 

VIII-k-29 -Ph CI H 

VIII-k-30 -Ph -OH H 

VIII-k-31 -Ph -N0 2 H 

VIII-k-32 -Ph -CN H 

VIII-k-33 -Ph -OPh H 

VIII-k-34 _^ -Ph -SCH 3 H 

VIII-k-35 -Ph -SPh H 
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10 



15 



20 



Formula (VIII) 
Compound No. 



VIII-k-36 
VIII-k-37 
VIII-k-38 
VIII-k-39 
VIII-k-40 



-112 



-N- 



-N- 



-N- 



-N- 



-N- 



Ai3=A23=A 3 3 A 17 =A 27 =A 37 Ai 8 -A 28 -A 38 



-Ph 



-Ph 



-Ph 



-Ph 



-N-Ph, 



CH 3 



-OCH, 



-COOH 



H 



H 



-Ph 2-pyridyl H 



25 



30 



35 



40 



VIII-k-41 



VIII-k-42 



VIII-k-43 



VIII-k-44 



45 VIII-k-45 




-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



-Ph 



H 



CI 



-OH 



-NO, 



-Ph 



50 



VIII-k-46 



-Ph 



-CN 



55 
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Formula 

(VIII) ^112 A 13 =A 2 3 = A33 A I7 =A 27 =A 37 A 18 =A 28 -A 38 

Compound No. 



VIII-k-47 %M -Ph -OPh 



VIII-k-48 Q -Ph -SCH, 

VIII-k-49 Q -Ph -SPh 

VIII-k-50 Q -Ph -N-Ph, 



VIII-k-51 V -Ph CH 3 H 



VIII-k-52 -Ph -0CH 3 H 



VIII-k-53 V "Ph -C00H H 



4- 



VIII-k-54 V "Ph 2-pyridyl H 
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Formula 

(VIII) L H2 A 13 =A 23 =A 33 ^r^2r^Z5 



Compound No. 



VIII-1-1 



i 

-N- 



VIII-1-2 V "Ph H 



VIII-1-3 

VIII-1-4 "Ph H 

VIII-1-5 O H H 

VIII-l-6 - Ph - Ph 

VIII-1-7 - Ph H 

VIII-1-8 -p h Cl 

VIII-1-9 jJ^ - Ph _ 0H 

VIII-1-10 -p h -N0 2 

VIII-1-1 1 - Ph _ CN 

VIII-1-12 -Ph -QPh 
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Formula (VIII) 

Compound No. ^ n2 A 13 =A 2 3=A 3 3 A I5 =A 25 =A 35 A 18 =A 28 =A : 



A 
A 
A 
A 
A 
A 
A 



38 



VIII-1-13 f^f. -Ph -SCH, 



VIII-1-14 r^i> -Ph -SPh 



VIII-1-15 r^ii -Ph -N-Ph, 



VIII-1-16 f^ii -Ph CH, 



VIII-1-17 r^ii -Ph -OCH, H 



VIII-1-18 r^ji -Ph -COOH 



VIII-1-19 JUk ~ Ph Z-Pyridy 1 H 

VI 1 1-1-20 -Ph -Ph H 

VIII-1-21 4_ -Ph H -Ph 

VIII-1-22 _,!,_ -Ph CI H 

VIII-1-23 4_ -Ph -OH H 

VIII-1-24 -Ph -N0 2 H 

VIII-1-25 -Ph -CN H 
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Formula 
(VIII) 


Lll2 


A]3 A 23 A 33 




^18-^28 A 38 


L/OJJjpOUIlU i\o. 










VIII-1-26 


-N~ 


-Ph 


-OPh 


H 


VIII-1-27 


-N- 


-Ph 


-SCH 3 


H 


VIII-1-28 


-N- 


-Ph 


-SPh 


H 


VIII-1-29 


-N- 


-Ph 


-N-Ph 2 


H 


VIII-1-30 


-N- 


-Ph 


CH 3 


H 


VIII-1-31 


-N- 


-Ph 


-0CH 3 


H 


VIII-1-32 


-N— 


-Ph 


-COOH 


H 


VTTT_l_oo 

» 111 X \J\J 


-N- 


-Ph 


2— nvridvl 


H 


VIII-1-34 


<> 


-Ph 


-Ph 


H 


VIII-1-35 




-Ph 


H 


-Ph 


VTTT 1 OC 

VIll-l~t5o 


6 

-0*0- 


DU 

rfl 


LI 


LI 
fl 


VIII-1-37 


-0*0- 


-Ph 


-OH 


H 
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Formula 

(VIII) ^112 A 13 =A 23 =A 33 A,5 = A 2 5 = A 3 5 A J8 =A 28 =A 38 

Compound No. 



VIII-1-38 V ~Ph -N0 2 H 



VIII-l-39 kJ -Hi -CN 

-0-K5- 



VIII-1-40 **J> -Ph -OPh 



VIII-1-41 V -Ph -SCH 3 H 

-of-o 



VIII-1-42 V "Ph "SPh 

-0-*-0 



VIII-1-43 V -Ph -N-Ph 2 H 



VIII-l-44 _ W _ "Ph CH 3 H 



VIII-1-45 _ M _ "Ph -OCH 3 H 



VI 1 1-1-46 M _ "Ph -COOH H 
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Formula 

(VIII) L n2 A,3=A 2 3=A 3 3 A 15 =A 25 =A 35 A 18 =A 28 =A 38 
Compound No. 

VIII-1-47 "Ph 2-pyridyl H 
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Formula 
(VIII) 

Compound No. 






An A 23 


Ai5~A 25 


A 17 A 27 


Ai8~A 28 


VTTT-m-1 

V 1 1 1 111 1 


bingie uona 


n 


u 
n 


u 
n 


u 
n 


u 
n 


VTTT-m-P 

» 1 1 1 III Ct 


bingie uona 


U 

n 


u 
n 


U1 3 


TJ 

n 


TT 

n 


Till HI \J 


qi' ncrlp rSnnr? 
olllglc UUI1L1 


u 
n 


u 
n 


u 
n 




LI 

n 


! Ill 111 ^ 


olllglc UUilU 


u 
n 


n 


u 

n 


u 
n 


ru 


v 1 1 1 m o 


single oona 


n 


u 
n 


u 
n 


n"-0 2 H 5 


TJ 

H 


Vlll 111 U 


single bond 


u 
n 


u 
n 


r t 

H 


n-C 3 H 7 


H 


V 111 ni I 


single bond 


u 


u 
n 


H 


n-C 4 H9 


H 


VT T T— m-Q 
V 1 1 1 111 o 


single bond 


u 
n 


u 
n 


H 




H 


VT T T-m-Q 
v 1 1 i in zj 


single Dono 


u 
n 


LI 

n 


rn 


11 

H 


TJ 

n 


V 1 1 1 III 1U 


single Dona 


u 
n 


u 
n 


u 
n 


rn 


u 
n 


VT TT— m-1 1 

V 111 III 11 


single bond 


u 
n 


IT 

n 


TJ 

n 


TJ 

n 


Ph 


VTTT-m-1 9 
V 1 1 1 m 1 Z 


single bond 


JJ 

n 


H 


H 


1-naphthyl 


T I 

H 


VTTT-m-1 ^ 
Vlll ID lo 


single bona 


u 
n 


H 


u 
n 


Z-napnthyi 


IT 

H 


VTTT-m-14 
viii in li 


single oona 


u 
n 


u 
n 


TJ 

n 


4"biphenylyl 


u 
n 


VTTT-m-1 S 
viii in i d 


single uona 


u 
n 


LI 

n 


TT 

n 


o Dipnenylyl 


u 
H 


VTTT-m-1 fi 

U1J. ill 1 u 


single oona 


u 
n 


li 
n 


il 
n 


2~biphenylyl 


IT 

n 


VTTT-m-1 7 
Vlll m 1 i 


single oona 


IT 

n 


u 
n 


H 


2-biphenylyl 


TJ 

H 


VTTT-m-1 B 

viii m 10 


single bona 


rn 


rn 


H 


IT 

H 


TJ 

H 


V X X X ill XZJ 




Ph 

rn 


PH 
rn 


ru 
Ln 3 


u 
n 


u 
li 


VIII-m-20 


single bond 


Ph 


Ph 


H 


CH 3 


H 


VIII-m-21 


single bond 


Ph 


Ph 


H 


H 


CH 3 


VIII-m-22 


single bond 


Ph 


Ph 


H 


n-C 2 H 5 


H 
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Formula 

(VIII) 111 A 12 -A 22 A 13 -A 23 A 15 =A 25 A 17 =A 27 

Compound No. 



VIII-m-23 


single bond 


Ph 


Ph 


H 


n-C 3 H 7 


VIII-m-24 


single bond 


Ph 


Ph 


H 


n-C 4 H 9 


VIII-m-25 


single bond 


Ph 


Ph 


H 


t~C 4 H 9 


VIII-m-26 


single bond 


Ph 


Ph 


Ph 


H 


VIII-m-27 


single bond 


Ph 


Ph 


H 


Ph 


VIII-m-28 


single bond 


Ph 


Ph 


H 


H 


VTTT-m-9Q 


single bond 


Ph, 


Ph 


H 


1-naphthyl 


VIII-m-30 


single bond 


Ph 


r n 


u 

n 


i napntnyi 


VIII-m-31 


single bond 


Ph 


Ph 


H 


4 _ biphenylyl 


VIII-m-32 


single bond 


Ph 


Ph 


H 


3-biphenylyl 


VIII-m-33 


single bond 


Ph 


Ph 


H 


2-biphenylyl 


VIII-m-34 


single bond 




H 


H 


VIII-m-35 


single bond -0~©~ 


-CK> 


CH 3 


H 


VIII-m-36 


single bond -®~®-- 


-oo- 


H 


CH 3 


VIII-m-37 


single bond 


"OO- 


H 


H 


VIII-m-38 


single bond -QhQ - 




H 


n-C 2 H 5 


VIII-m-39 


single bond -©~@"~ 


-oo- 


H 


n-C 3 H 7 


VIII-m-40 


single bond 




H 


n-C 4 H, 


VIII-m-41 


single bond -®-{~}- 


<Kh 


H 


t-C 4 H 9 


VIII-m-42 


single bond -0~0~ 




Ph 


H 


VIII-m-43 


single bond -0-®- 




H 


Ph 
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1 UI 1IJU J. c* 

(VIII) 

Compound No. 


Lin 


A 12 A 22 


A )3 A 23 


A 15 A 2 s 


A 17 A 27 


Ai8 A 28 


VIII-m-44 


single bond " H 0~O~ ~®~©~ 


H 


H 


Ph 


VIII-m-45 


single bond -®~0~ 


H 


1-naphthyl 


H 


VIII-m-46 


single bond -©~0~ ""C^O" 


H 


2-naphthyl 


H 


VIII-m-47 


single bond ""O""® - 


H 


4-biphenylyl 


H 


VIII-m-48 


single bond -@~0~ ~"®""0"~ 


H 


3-biphenylyl 


H 


VIII-m-49 


single bond -®~®~ 


H 


2-biphenylyl 


H 


VIII-m-50 


-O- 


H 


H 


H 


H 


H 


VIII-m-51 




H 


H 


CH 3 


H 


H 


VIII-m-52 


-o- 


H 


H 


H 


CH 3 


H 


VIII-m-53 


-o- 


H 


H 


H 


H 


CH 3 


VIII-m-54 


-Q- 


H 


H 


H 


n-C 2 H 5 


H 


VIII-m-55 


-4> 


H 


H 


H 


n-C 3 H 7 


H 


VIII-m-56 


-O- 


H 


H 


H 


n-C 4 H 9 


H 


VIII-m-57 




H 


H 


H 


t-C 4 H 9 


H 


VIII-m-58 


-O- 


H 


H 


Ph 


H 


H 


VIII-ra-59 


-o- 


H 


H 


H 


Ph 


H 


VIII-m-60 


-©- 


H 


H 


H 


H 


Ph 


VIII-m-61 




H 


H 


H 


1-naphthyl 


H 


VIII-m-62 




H 


H 


H 


2-naphthyl 


H 
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Formula 
(VIII) 

Compound No. 










A 17 -A 2 7 




VIII-m-63 


-J~\- 


u 
M 


H 


H 


4-biphenylyl 


H 


VIII-m-64 


n 


n 




H 


3-biphenylyl 


H 


VIII-m-65 




li 
n 


n 


H 


2-biDhenvlvl 


H 


VIII-m-66 




u 
n 


u 
n 


u 
n 


?-hinhenvlvl 


H 


VIII-m-67 




rf) 


Ph 
r 11 


H 


H 


H 


VIII-m-68 




DU 

rn 


Ph 
rn 


CH 


H 


H 


VIII-m-69 


-<J- 


DU 

rn 


Ph 
rn 


u 

n 


VI 13 


H 


VIII-m-70 




Ph 


Pk 

rn 


u 
n 


H 


CH, 


VIII-m-71 


<y 


Ph 


DU 

rfl 


u 
n 


n-f H 

11 v 2 n 5 


H 


VIII-m-72 


-<J- 


Ph 


PK 
rn 


u 
n 


n-C.H. 


H 


VIII-m-73 




Ph 


rn 


u 
n 


n-C H„ 


H 


VIII-m-74 




Ph 


rn 


u 
n 




H 


VIII-m-75 




Ph 


pu 
rn 


Ph 
rn 


H 


H 


VIII-m-76 


-Cr 


rn 


Ph 

rn 


u 
n 


Ph 


H 


VIII-m-77 


-o- 


DU 

rn 


Ph 

rn 


n 


H 


Ph 


VIII-m-78 


-o- 


Ph 


Ph 


H 


1-naphthyl 


LI 

H 


VIII-m-79 


o- 


Ph 


Ph 


H 


2-naphthyl 


H 


VIII-m-80 




Ph 


Ph 


H 


4-biphenylyl 


H 


VIII-m-81 


-O- 


Ph 


Ph 


H 


3-biphenylyl 


H 
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Formula 
(VIII) 

L/UIIipOUFlU iNU. 




"12 A 22 A 13 -A 23 




A 17 -A 27 




VIII-m-82 




Ph Ph 


H 


2-biphenylyl 


H 


VIII-m-83 


-o- 




H 


H 


H 


VIII-m-84 




-€K> OO- 


CH 3 


H 


H 


VIII-m-85 


-o 


-OO- <Xh 


H 


CH 3 


H 


VIII-m-86 


-o- 


-C5-0- -CK> 


H 


H 


CH 3 


VIII-m-87 


-o- 




H 


n-C 2 H 5 


H 


VIII-m-88 


-o 




H 


n~C 3 H 7 


H 


VIII-m-89 


-o 




H 


n~C 4 H 9 


H 


VIII-m-90 


<y 

xss/ 


-OO -o-o- 


H 


h y 


H 


VIII-tn-91 




-O-O -OO- 


Ph 


H 


H 


VIII-m-92 


-o- 


■^Q- -Q-Q- 


H 


Ph 


H 


VIII-m-93 


-o- 


-CK> -<K>- 


H 


H 


Ph 


VIII-m-94 






H 


1-naphthyl 


H 


VIII-m-95 




-QO- OrQr 


H 


2-naphthyl 


H 


VIII-m-96 




-OO -QrQr 


H 


4-biphenylyl 


H 


VT T T-m-Q7 

v i 11 m t) i 






H 


3-biphenylyl 


H 


VIII-m-98 






H 


2-biphenylyl 


H 


VIII-m-99 




H H 


H 


H 


H 


VIII-m-100 




H H 


CH 3 


H 


H 
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Formula 
(VIII) 

Compound No. 




A !2 -A 22 


Aj 3 -A 23 






A 18 -A 28 


VIII-ro-101 


-o-o- 


H 


H 


H 


CH 3 


H 


VIII-m-102 


-o-o- 


H 


H 


H 


H 


CH 3 


VTTI-m-103 

r X X X III -»- V « 


-OO 


H 


H 


H 


n~C 2 Hc 


H 


VIII-m-104 

T X X X JU v a 


-o-o- 


H 


H 


H 


n-C 3 H 7 


H 


VIII-m-105 

T XJLX III * w 


-OO 


H 


H 


H 


n*"C 4 H 9 


H 


1 ill 111 x w 


-OO 


H 


H 


H 


"t~C 4 Hg 


H 


VT T T-m-1 07 




H 


H 


Ph 


H 


H 


VTT T-m-1 08 

Vlli m ivo 


y y v v 


H 


H 


H 


Ph 


H 


VTTT-m-1 OQ 
v x 1 1 ni i v 


v v v y 


H 


H 


H 


H 


Ph 


V 1 X 1 III XIV 


-OO- 

v y \L-y 


H 


H 


H 


1-naphthyl 


H 


VTTT-m-1 1 1 

Vlli III XXX 


-OO 

v y v y 


H 


H 


H 


2-naphthyl 


H 


V X X X ill i 1 ti 


-OO 


H 


H 


H 


4-biphenylyl 


H 


VIII-m-113 




H 


H 


H 


3-biphenylyl 


H 


VIII-m-114 

¥ X X X JJ* XX * 


-Q-Q- 


H 


H 


H 


2-biphenylyl 


H 


VIII-m-115 


-OO 


H 


H 


H 


2-biphenylyl 


H 


VIII-m-116 


_/ = v/ = v 


rn 


rn 


u 
n 


H 
it 


H 


VIII-m-117 




Ph 


Ph 


CH 3 


H 


H 


VIII-m-118 




Ph 


Ph 


H 


CH 3 


H 


VIII-m-119 


-oo- 


Ph 


Ph 


H 


H 


CH 3 



55 



EP1 148 109 A2 



Formula 
(VIII) 

Compound No. 




Ai 2 -A 22 


"13 A 23 


Aj 5 A 25 


A I7 A 27 


A )8 A 28 


VIII-m-120 


-oo- 


Ph 


Ph 


H 


n-C 2 H 5 


H 


VIII-m-121 


oo- 


Ph 


Ph 


H 


n~C 3 H 7 


H 


VIII-m-122 


oo- 


Ph 


Ph 


H 


n-C 4 H 9 


H 


VIII-m-123 




Ph 


Ph 


H 


t-C 4 H 9 


H 


VIII-m-124 




Ph 


Ph 


Ph 


H 


H 


VIII-m-125 




Ph 


Ph 


H 


Ph 


H 


VIII-m-126 


oo- 


Ph 


Ph 


H 


H 


Ph 


VIII-di-127 




Ph 


Ph 


H 


1-naphthyl 


H 


VIII-m-128 




Ph 


Ph 


H 


2-naphthyl 


H 


VIII-m-129 


-CK> 


Ph 


Ph 


H 


4-biphenylyl 


H 


VIII-m-130 


■oo 


Ph 


Ph 


H 


3-biphenylyl 


H 


VIII-m-131 




Ph 


Ph 


H 


2-biphenylyl 


H 


VIII-m-132 




-oo- 




H 


H 


H 


VIII-m-133 








CH 3 


H 


H 


VIII-m-134 


-oo- 


-€K>- 


-CH> 


H 


CH 3 


H 


VIII-m-135 








H 


H 


CH 3 


VIII-m-136 








H 


n-C 2 H s 


H 


VIII-ra-137 


-oo- 






H 


n-C 3 H 7 


H 


VIII-ra-138 








H 


n-C 4 H 9 


H 
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Formula 
(VIII) 

Compound No. 


L. 

"-Ill 






A =A 

"15 "25 


A =A 

"17 "27 


A =A 

rt 18 "28 


VIII-m-139 


-CH> 






H 


t — C^Hg 


H 


VIII-m-140 








Ph 


H 


H 


VIII-m-141 


<K>- 




-o-o- 


H 


Ph 


H 


VIII-m-142 








H 


H 


Ph 


VIII-m-143 




-o-o- 




H 


1-naphthyl 


H 


VIII-m-144 








H 


2-naphthyl 


H 


VIII-m-145 




-OO 




H 


4-biphenylyl 


H 


VIII-m-146 


-€K> 


-CK> 




H 


3-biphenylyl 


H 


VIII-m-147 








H 


2-biphenylyl 


H 



[0142] These quinoxaline compounds are obtained by (i) a process involving condensing diaminobenzene or deriv- 
atives thereof, diaminopyridine or derivatives thereof, diaminopyrimidine or derivatives thereof, diaminopyridazine or 
derivatives thereof with a halogenated diketone compound, followed by coupling using a nickel complex of 1 ,5-cy- 
clooctadiene or the like, (ii) condensing diaminobenzene or derivatives thereof, diaminopyridine or derivatives thereof, 
diaminopyrimidine or derivatives thereof, diaminopyridazine or derivatives thereof with a bis-diketone compound, (iii) 
condensing a bisdiamine compound with a diketone compound, or (iv) converting a starting compound into an orga- 
nometallic reagent of tin or the like, followed by cross-coupling. 

[0143] These compounds can be identified by elemental analysis, mass analysis, IR spectroscopy, 1 H and 13 C NMR, 
etc. 

[0144] In general, the quinoxaline compounds have a molecular weight of about 500 to about 2,000, a melting point 
of about 250 to about 500°C, and a glass transition temperature (Tg) of about 90 to about 200°C. By conventional 
vacuum deposition or the like, they form a transparent, smooth film of quality which maintains a stable amorphous 
state even above room temperature and over a long period of time. 

[0145] The term "host material" used herein means a material which participates in light emission, but does not emit 
light by itself or emits light at a very low luminance. Specifically, an appropriate difference in luminance between the 
host and the dopant is such that the maximum luminance of the host is equal to or less than 10%, especially equal to 
or less than 2% of the maximum luminance of the dopant. 

Dopants 

[0146] A class of organic compounds useful as the dopant according to the invention are compounds of the following 
formula (V). 
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L 2 ' 




n 



(V) 



Herein X 1 to X 10 , L n and L 2 are independently hydrogen, halogen atoms, straight, branched or cyclic alkyl radicals 
which may have substituents, straight, branched or cyclic alkoxy radicals which may have substituents, straight, 
branched or cyclic alkylthio radicals which may have substituents, straight, branched or cyclic alkenyl radicals which 
may have substituents, straight, branched or cyclic alkenyloxy radicals which may have substituents, straight, branched 
or cyclic alkenylthio radicals which may have substituents, substituted or unsubstituted aralkyl radicals, substituted or 
unsubstituted aralkyloxy radicals, substituted or unsubstituted aralkylthio radicals, substituted or unsubstituted aryl 
radicals, substituted or unsubstituted aryloxy radicals, substituted or unsubstituted arylthio radicals, substituted or un- 
substituted amino radicals, cyano, hydroxyl, -COOR 1 radicals (wherein R 1 is hydrogen, a substituted or unsubstituted 
straight, branched or cyclic alkyl radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a 
substituted or unsubstituted aralkyl radical or a substituted or unsubstituted aryl radical), -COR 2 radicals (wherein R 2 
is hydrogen, a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubstituted 
straight, branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical, a substituted or unsubstituted 
aryl radical or an amino radical), or -OCOR 3 radicals (wherein R 3 is a substituted or unsubstituted straight, branched 
or cyclic alkyl radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a substituted or un- 
substituted aralkyl radical or a substituted or unsubstituted aryl radical), or at least two adjoining groups selected from 
X 1 to X 10 , and L 2 may bond or fuse together to form a substituted or unsubstituted carbocyclic aliphatic ring, aromatic 
ring or fused aromatic ring with the carbon atoms to which they are attached, or L 1 and L 2 each may be a single bond. 
[0147] Preferably, at least two adjoining groups selected from X 1 to X 10 , L 1 and L 2 bond or fuse together to form a 
substituted or unsubstituted carbocyclic aliphatic ring, aromatic ring or fused aromatic ring with the carbon atoms to 
which they are attached. and L 2 each may be a single bond, n is 1 or 2. 

[0148] Of the compounds of formula (V), preferred are diindeno[1 ^^-cdiV^'.S'-lmJperylene derivatives, having a 
skeleton of the following formula (VI). 



[0149] In formula (VI), X 1 to X 6 , X 9 to X 10 , X^ to X 16 , X 19 and X^ are independently hydrogen, halogen atoms, 
straight., branched or cyclic alkyl radicals which may have substituents, straight, branched or cyclic alkoxy radicals 
which may have substituents, straight, branched or cyclic alkylthio radicals which may have substituents, straight, 
branched or cyclic alkenyl radicals which may have substituents, straight, branched or cyclic alkenyloxy radicals which 
may have substituents, straight, branched or cyclic alkenylthio radicals which may have substituents, substituted or 
unsubstituted aralkyl radicals, substituted or unsubstituted aralkyloxy radicals, substituted or unsubstituted aralkylthio 
radicals, substituted or unsubstituted aryl radicals, substituted or unsubstituted aryloxy radicals, substituted or unsub- 
stituted arylthio radicals, substituted or unsubstituted arylalkenyl radicals, substituted or unsubstituted alkenylaryl rad- 
icals, substituted or unsubstituted amino radicals, cyano, hydroxyl, -COOR 1 radicals (wherein R 1 is hydrogen, a sub- 
stituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubstituted straight, branched or 
cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical or a substituted or unsubstituted aryl radical), -COR 2 
radicals (wherein R 2 is hydrogen, a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted 




(VI) 
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or unsubstituted straight, branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical, a substituted 
or unsubstituted aryl radical or an amino radical), or -OCOR 3 radicals (wherein R 3 is a substituted or unsubstituted 
straight, branched or cyclic alky! radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a 
substituted or unsubstituted aralkyl radical, or a substituted or unsubstituted aryl radical), or at least two adjoining 
5 groups selected from X 1 to X 20 may bond together to form a substituted or unsubstituted carbocyclic aliphatic ring, 
aromatic ring or fused aromatic ring with the carbon atoms to which they are attached. 

[01 50) The term "aryl radicals" is used herein to encompass carbocyclic aromatic radicals such as phenyl and naph- 
thyl and heterocyclic aromatic radicals such as furyl, thienyl and pyridyl. 

[0151] The straight, branched or cyclic alkyl radicals, straight, branched or cyclic alkoxy radicals, straight, branched 
10 or cyclic alkylthio radicals, straight, branched or cyclic alkenyl radicals, straight, branched or cyclic alkenyloxy radicals, 
and straight, branched or cyclic alkenylthio radicals, represented by X, to X 20 in formulas (V) and (VI), may have a 
substituent or substituents, for example, halogen atoms, aryl groups of 4 to 20 carbon atoms, alkoxy groups of 1 to 20 
carbon atoms, alkoxyalkoxy groups of 2 to 20 carbon atoms, alkenyloxy groups of 2 to 20 carbon atoms, aralkyloxy 
groups of 4 to 20 carbon atoms, aralkytoxyalkoxy groups of 5 to 20 carbon atoms, aryloxy groups of 3 to 20 carbon 
is atoms, aryloxyalkoxy groups of 4 to 20 carbon atoms, arytalkenyl groups of 5 to 20 carbon atoms, aralkylalkenyl groups 
of 6 to 20 carbon atoms, alkylthio groups of 1 to 20 carbon atoms, alkoxyalkylthio groups of 2 to 20 carbon atoms, 
alkylthioalkylthio groups of 2 to 20 carbon atoms, alkenylthio groups of 2 to 20 carbon atoms, aralkylthio groups of 4 
to 20 carbon atoms, aralkyloxyalkylthio groups of 5 to 20 carbon atoms, aralkylthioalkylthio groups of 5 to 20 carbon 
atoms, arylthio groups of 3 to 20 carbon atoms, aryloxyalkylthio groups of 4 to 20 carbon atoms, arytthioalkylthio groups 
20 of 4 to 20 carbon atoms, and heteroatom-containing cyclic alkyl groups of 4 to 20 carbon atoms. The aryl groups 
included in these substituents may be further substituted with halogen atoms, alkyl groups of 1 to 10 carbon atoms, 
alkoxy groups of t to 1 0 carbon atoms, aryl groups of 3 to 1 0 carbon atoms, and aralkyl groups of 4 to 1 0 carbon atoms , 
among others. 

[0152] The aralkyl radicals, aralkyloxy radicals, aralkylthio radicals, aryl radicals, aryloxy radicals and arylthio radi- 

25 cals, represented by X A to X^ in formulas (V) and (VI), may have a substituent or substituents, for example, alkyl 
groups of 1 to 20 carbon atoms, alkenyl groups of 2 to 20 carbon atoms, aralkyl groups of 4 to 20 carbon atoms, aryl 
groups of 3 to 20 carbon atoms, alkoxy groups of 1 to 20 carbon atoms, alkoxyalkyl groups of 2 to 20 carbon atoms, 
alkoxyalkyloxy groups of 2 to 20 carbon atoms, alkenyloxy groups of 2 to 20 carbon atoms, alkenyloxyalkyl groups of 
3 to 20 carbon atoms, alkenyloxyalkyloxy groups of 3 to 20 carbon atoms, aralkyloxy groups of 4 to 20 carbon atoms, 

30 aralkyloxyalkyl groups of 5 to 20 carbon atoms, aralkyloxy alky I oxy groups of 5 to 20 carbon atoms, aryloxy groups of 
3 to 20 carbon atoms, aryloxyalkyl groups of 4 to 20 carbon atoms, aryloxyalkyloxy groups of 4 to 20 carbon atoms, 
alkylcarbonyl groups of 2 to 20 carbon atoms, alkenylcarbonyl groups of 3 to 20 carbon atoms, aralkylcarbonyl groups 
of 5 to 20 carbon atoms, arylcarbonyl groups of 4 to 20 carbon atoms, alkoxycarbonyl groups of 2 to 20 carbon atoms, 
alkenyloxycarbonyl groups of 3 to 20 carbon atoms, aralkyloxycarbonyl groups of 5 to 20 carbon atoms, aryloxycarbonyl 

35 groups of 4 to 20 carbon atoms, alkylcarbonyl oxy groups of 2 to 20 carbon atoms, alkenylcarbonyloxy groups of 3 to 
20 carbon atoms, aralkylcarbonyloxy groups of 5 to 20 carbon atoms, arylcarbonyl oxy groups of 4 to 20 carbon atoms, 
alkylthio groups of 1 to 20 carbon atoms, aralkylthio groups of 4 to 20 carbon atoms, arylthio groups of 3 to 20 carbon 
atoms, nitro. cyano, formyl, halogen atoms, halogenated alkyl, hydroxy!, amino, N-mono-substituted amino groups of 
1 to 20 carbon atoms, and N,N-di-substituted amino groups of 2 to 40 carbon atoms. The aryl groups included in these 

40 substituents may be further substituted with halogen atoms, alkyl groups of 1 to 10 carbon atoms, alkoxy groups of 1 
to 10 carbon atoms, aryl groups of 6 to 10 carbon atoms, and aralkyl groups of 7 to 10 carbon atoms, among others. 
[0153] The amino radicals represented by X 1 to X^ in formulas (V) and (VI) may have a substituent or substituents, 
for example, be mono- or di-substituted with alkyl groups of 1 to 20 carbon atoms, aralkyl groups of 4 to 20 carbon 
atoms, and aryl groups of 3 to 20 carbon atoms. 

45 [0154] The alkyl, alkenyl, aralkyl and aryl radicals represented by R 1 , R 2 and R 3 in formulas (V) and (VI) may have 
a substituent or substituents, as exemplified for to X 20 . 

[0155] In a preferred embodiment, X 5 , X 6 , X 9 , X 10 , X 15 , X 16 , X 19 and X 20 are hydrogen, and X 1 to X 4 and X„ to X 14 
are independently hydrogen, halogen atoms, straight, branched or cyclic alkyl radicals of 1 to 24 carbon atoms in total 
which may have substituents, straight, branched or cyclic alkoxy radicals of 1 to 24 carbon atoms in total which may 
so have substituents, straight, branched or cyclic alkenyl, alkenylaryl and arylalkenyl radicals of 2 to 24 carbon atoms in 
total which may have substituents, substituted or unsubstituted aralkyl groups of 7 to 24 carbon atoms in total, substi- 
tuted or unsubstituted aryl radicals of 6 to 24 carbon atoms in total, cyano radicals, heterocyclic radicals, hydroxyl 
radicals, -COOR 1 , -COR 2 or -OCOR 3 radicals wherein R 1 , R 2 and R 3 are as defined above. 

[01 56] Two adjoining groups selected from X 1 to X 20 may bond or fuse together to form a substituted or unsubstituted 
55 carbocyclic aliphatic ring, aromatic ring or fused aromatic ring with the carbon atoms to which they are attached. 

[0157] The organic EL device of the invention is characterized by the inclusion of at least one fluoranthene derivative 
or diindeno[1,2,3-cd:1\2\3Mm]perylene derivative. The use of a diindeno[1 ,2,3<:d:1\2\3Mm]perylene derivative in a 
light emitting layer as a luminescent component, for example, enables to produce an organic EL device having improved 
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luminance and durability over similar EL devices of the prior art. The use of the specific derivative in combination with 
another luminescent component to form a light emitting layer enables to produce an organic EL device capable of 
emitting white light and having improved luminance and durability. 

[0158] Illustrative, non-limiting, examples of the compounds of formulas (V) and (VI) according to the invention are 
5 given below. Ph designates phenyl. 
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[0159] The above dopants, for example, the compounds of formula (VI) can be produced, for example, by the method 
45 described in J. Amer. Chem. Soc, 1 1 8, 2374 (1 996). Specifically, as shown by the following scheme, the end compound 
can be produced by reacting a compound of formula (2) with a compound of formula (3) in the presence of aluminum 
chloride/sodium chloride, cobalt fluoride or thallium trifluoroacetate. 
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[0160] It is noted that the fluoranthene derivatives of formulas (V), (2) and (3), can be produced, for example, by the 
method described in J. Amer. Chem. Soc., 118, 2374 (1996). Specifically, as shown by the following scheme, the end 
compound can be produced by reacting a compound of formula (4) with a compound of formula (5). 




(«> (5) 

[0161] Once the skeleton of formula (VI) is formed, exchange of substituents is effected by a conventional method, 
obtaining a compound having the desired substituent(s). 

[0162] The compounds of formula (VI) are preferably compounds, dibenzo[f,f']diindeno[1 ,2,3-cd:1 '^'.S'-lmJ-perylene 
derivatives in the following formula (VI'). 




(vn 



[0163] In formula (VI'), X 1 to are as defined for X 1 to X20 in formula (VI). 

[0164] Preferably, X 1 to X^ in formula (VI) and X 1 to X^ in formula (VP) are independently selected from among 
substituted or unsubstituted aryl, alkyl, alkenyl, alkoxy and aryloxy radicals. 

[0165] Further preferably, at least one of X 1 to X 20 in formula (VI) and X., to X^ in formula (VI') is an ortho-substituted 
phenyl radical. Even more preferably, in formula (VI) or (VI'), either one or both of X, and X 4 and/or either one or both 
of X t1 and X 14 are ortho-substituted phenyl radicals. The introduction of a substituent at the ortho-position holds down 
the propensity for the compound to decompose upon sublimation purification and improves fluorescence. 
[0166] The use of the ortho-substituted compound is effective for increasing the fluorescent luminance and holding 
down the concentration quenching of the EL device, thereby spreading the margin of the EL dopant and improving the 
freedom of design. 

[0167] The introduction of an ortho-substituted phenyl group has several advantages. The ortho-substituted phenyl 
group introduced makes it possible to control the association of the perylene skeleton by virtue of its steric hindrance, 
to improve the solubility in solvents and to purify the compound to a high purity. For the same reason, sublimation 
purification becomes possible at a lower temperature and entails little decomposition. This is also advantageous in 
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obtaining a high purity material. Using such a pure material, an organic EL device having a high emission efficiency is 
obtainable because the deactivation of excitons by impurities is minimized. Another reason accounting for the high 
efficiency is that the association between similar or distinct molecules in the light emitting layer is suppressed whereby 
concentration quenching is restrained. 

[0168] Preferred examples of the compound of formula (VI') are given below. 
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CH3 CH3 CH3 
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[0169] The diindeno[1 ^S-cdiV^S'-lmJperylene derivative should preferably have a vibration structure in both an 
excitation spectrum and a fluorescence spectrum. The presence of such a vibration structure is ascertainable by the 
appearance of two or more peaks in each of the spectra. 

[0170] More preferably, a host material obtained by doping the indenoperylene derivative has such a vibration struc- 
40 ture. 

[0171] The possession of a vibration structure leads to the manufacture of an organic EL device having improved 
temperature characteristics, and especially a minimal temperature change. 

[0172] It is believed that a drop of EL luminous efficiency by temperature is due to thermal relaxation entailing a 
change of conformation in the excited state. Once a change of conformation in the excited state occurs, the overlap 
45 of molecular orbital function between the ground state and the excited state changes so that the fluorescence spectrum 
does not become a mirror image of the absorption spectrum. The fluorescence spectrum of a compound which can 
take a plurality of conformations in the excited state is the total of various vibration structures and thus becomes a 
broad spectrum apparently free of a vibration structure. 

[01 73] Accordingly, an organic compound which exhibits a vibration structure in the fluorescence spectrum and spe- 
50 cifically, a compound whose vibration structure is a mirror image of the absorption spectrum experiences a minimal 
change of conformation in the excited state and therefore, when used as a luminescent material in an organic EL 
device, enables to produce a device having improved temperature characteristics as demonstrated by a minimal drop 
of EL luminous efficiency by temperature during driving. 

[01 74] For the same reason as above, the organic compound should preferably have a Stokes shift of up to 0. 1 eV, 
55 especially up to 0.05 eV. The lower limit of Stokes shift is not critical although it is usually about 0.01 eV. 

[01 75] Another factor that governs the temperature characteristics of an organic EL device is the thermal excitation 
of carriers from the trap level. Especially in a doped light emitting layer, the dopant creates a trap level. Upon a tem- 
perature change, the hopping probability of carriers by thermal excitation changes. This sometimes results in changes 
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of the carrier balance in the light emitting layer, leading to temperature dependent characteristics with a high efficiency. 
In contrast, the device of the invention has a minimized thermal change of the trapping of the light emitting layer, that 
is, minimized temperature dependence with a high efficiency. 

[0176] In a preferred embodiment, the host material, especially at least one of the organic compounds of formulas 
5 (!) to (IV), in a light emitting layer has a greater electron affinity than an electron transporting layer and/or a hole 
transporting layer. If the host material in a light emitting layer has a greater electron affinity than an electron transporting 
layer and/or a hole transporting layer, the injection efficiency of electrons into the light emitting layer increases and 
electrons are blocked at the hole transporting layer interface, leading to an improvement in luminous efficiency and 
hence, device lifetime. 

10 

Others 

[0177] The light emitting layer containing the host material and the dopant according to the invention has functions 
of injecting holes and electrons, transporting them, and recombining holes and electrons to create excitons. The use 
is of relatively electronically neutral compounds in the light emitting layer in addition to the compounds of the invention 
enables easy and well-balanced injection and transportation of electrons and holes. 

[0178] The host material may be used alone or in admixture of two or more. When a mixture of two or more host 
materials is used, the mix ratio is not critical. In a preferred embodiment, the light emitting layer contains 80 to 99.9%, 
more preferably 90 to 99.9%, even more preferably 95.0 to 99.5% by weight of the host material. 
20 [0179] The thickness of the light emitting layer preferably ranges from the thickness corresponding to a single mol- 
ecule layer to less than the thickness of an organic compound layer, for example, preferably from 1 to 85 nm, more 
preferably 5 to 60 nm, most preferably 5 to 50 nm. 

[0180] Preferably the mix layer is formed by a co -deposition process of evaporating the compounds from distinct 
sources. If both the compounds have equal or very close vapor pressure or evaporation temperature, they may be pre- 
25 mixed in a common evaporation boat, from which they are evaporated together. The mix layer is preferably a uniform 
mixture of both the compounds although the compounds can be present in island form. The light emitting layer is 
generally formed to a predetermined thickness by evaporating an organic fluorescent material or coating a dispersion 
thereof in a resin binder. 

[0181] One exemplary construction of the organic EL light emitting device fabricated using the inventive compounds 

30 has on a substrate, a hole injecting electrode, a hole injecting and transporting layer, a light emitting and electron 
injecting and transporting layer, and an electron injecting electrode in the described order. If desired, a protective 
electrode, an auxiliary electrode and a sealing layer are provided on the electron injecting electrode. 
[0182] The organic EL device of the invention is not limited to the above exemplary construction and may have 
various other constructions. In another exemplary construction, the light emitting layer is provided singly and an electron 

35 injecting and transporting layer is interposed between the light emitting layer and the electron injecting electrode. Also, 
the light emitting layer may be mixed with the hole injecting and transporting layer, if desired. 
[0183] The thicknesses of the light emitting layer, hole injecting and transporting layer, and electron injecting and 
transporting layer are not critical and vary with a particular formation technique. Usually a single layer is about 5 to 
500 nm thick, especially about 1 0 to 300 nm thick. 

40 [0184] The thicknesses of the hole injecting and transporting layer and electron injecting and transporting layer are 
equal to or range from 1/10 to 10 times the thickness of the light emitting layer although they depend on the design of 
a recombination/light emitting region. When the electron or hole injecting and transporting layer is divided into an 
injecting layer and a transporting layer, preferably the injecting layer is at least 1 nm thick and the transporting layer 
is at least 1 nm thick. The upper limit of thickness is generally about 500 nm for the injecting layer and about 500 nm 

45 for the transporting layer. The same applies when two injecting and transporting layers are provided. 

[0185] The hole injecting and transporting layer has functions of facilitating injection of holes from the hole injecting 
electrode, transporting them stably, and blocking electrons. The electron injecting and transporting layer has functions 
of facilitating injection of electrons from the electron injecting electrode, transporting them stably, and blocking holes. 
These layers are effective for increasing the number of holes and electrons injected into the light emitting layer and 

50 confining holes and electrons therein for optimizing the recombination region to improve light emission efficiency. 

[0186] In the hole injecting and transporting layer, there may be used various organic compounds as described, for 
example, in JP-A 63-295695, 2-191694, 3-792, 5-234681 , 5-239455, 5-299174, 7-126225, 7-126226, and 8-100172, 
and EPO 650955A1. Exemplary are tetraarylbenzidine compounds (triaryldiamines or triphenyldiamines: TPD), aro- 
matic tertiary amines, hydrazone derivatives, carbazole derivatives, triazole derivatives, imidazole derivatives, oxadi- 

55 azole derivatives having an amino group, and polythiophenes. Two or more of these compounds may be used, and 
on such combined use, they may be formed as separate layers or mixed. 

[0187] Where the hole injecting and transporting layer is formed separately as a hole injecting layer and a hole 
transporting layer, two or more compounds are selected in a proper combination from the compounds commonly used 
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in hole injecting and transporting layers. In this regard, it is preferred to laminate layers in such an order that a layer 
of a compound having a lower ionization potential may be disposed adjacent the hole injecting electrode (ITO). It is 
also preferred to use a compound having good thin film forming ability at the hole injecting electrode surface. The order 
of lamination also applies where a plurality of hole injecting and transporting layers are provided. Such an order of 

5 lamination is effective for lowering the drive voltage and preventing current leakage and the development and growth 
of dark spots. Since evaporation is utilized in the manufacture of devices, films as thin as about 1 to 10 nm can be 
formed uniform and pinhole-free, which restrains any change in color tone of light emission and a drop of efficiency by 
re-absorption even if a compound having a low ionization potential and absorption in the visible range is used in the 
hole injecting layer. Like the light emitting layer, the hole injecting and transporting layer may be formed by evaporating 

10 the above-mentioned compounds. 

[0188] In the electron injecting and transporting layer, there may be used quinoline derivatives including organic 
metal complexes having 8-quinolinol or a derivative thereof as a ligand such as tris(8-quinolinolato)aluminum (Alq3), 
oxadiazole derivatives, perylene derivatives, pyridine derivatives, pyrimidine derivatives, quinoxaline derivatives, 
diphenylquinone derivatives, and nitro-substituted fluorene derivatives. The electron injecting and transporting layer 

'5 can also serve as the light emitting layer. Like the light emitting layer, the electron injecting and transporting layer may 
be formed by evaporation or the like. 

[01 89] Where the electron injecting and transporting layer is formed separately as an electron injecting layer and an 
electron transporting layer, two or more compounds are selected in a proper combination from the compounds com- 
monly used in electron injecting and transporting layers. In this regard, it is preferred to stack layers in such an order 

20 that a layer of a compound having a greater electron affinity may be disposed adjacent the electron injecting electrode. 
The order of stacking also applies where a plurality of electron injecting and transporting layers are provided. 
[0190] In forming the hole injecting and transporting layer, the light emitting layer, and the electron injecting and 
transporting layer vacuum evaporation is preferably used because homogeneous thin films are available. By utilizing 
vacuum evaporation, there is obtained a homogeneous thin film which is amorphous or has a crystal grain size of less 

25 than 0.1 urn If the grain size is more than 0.1 }im, uneven light emission would take place and the drive voltage of the 
device must be increased with a substantial drop of hole injection efficiency. 

[01 91 ] The conditions for vacuum evaporation are not critical although a vacuum of 1 0* 4 Pa or lower and a deposition 
rate of about 0.01 to 1 nm/sec are preferred. It is preferred to successively form layers in vacuum because the suc- 
cessive formation in vacuum can avoid adsorption of impurities on the interface between the layers, thus ensuring 
30 better performance. Also, the drive voltage of a device can be reduced and the development and growth of dark spots 
be restrained. 

[0192] In the embodiment wherein the respective layers are formed by vacuum evaporation, where it is desired for 
a single layer to contain two or more compounds, preferably boats having the compounds received therein are indi- 
vidually temperature controlled to achieve co-deposition. 

35 [01 93] The electron injecting electrode is preferably made of metals, alloys or intermetallic compounds having a work 
function of up to 4 eV. With a work function of more than 4 eV, the electron injecting efficiency lowers and consequently, 
the light emission efficiency lowers. Examples of the metal having a work function of up to 4 eV of which the electron 
injecting electrode film is constructed include alkali metals such as Li, Na and K, alkaline earth metals such as Mg, 
Ca, Sr and Ba, rare earth metals such as La and Ce, and Al, In, Ag, Sn, Zn, and Zr. Examples of the film-forming alloy 

40 having a work function of up to 4 eV include Ag-Mg (Ag: 0.1 to 50 at%), Al-Li (Li: 0.01 to 12 at%), In-Mg (Mg: 50 to 80 
at%), and Al-Ca (Ca: 0.01 to 20 at%). These materials may be present alone or in combination of two or more. Where 
two or more materials are combined, their mixing ratio is arbitrary. It is also acceptable that an oxide or halide of an 
alkali metal, alkaline earth metal or rare earth metal is thinly deposited and a supporting electrode (auxiliary electrode 
or wiring electrode) of aluminum etc. is used. 

45 [0194] The electron injecting electrode may be formed by evaporation or sputtering. 

[0195] The electron injecting electrode may have at least a sufficient thickness to effect electron injection, for exam- 
ple, a thickness of at least 0.1 nm. Although the upper limit is not critical, the electrode thickness is typically about 0.1 
to about 500 nm. 

[0196] The hole injecting electrode is preferably formed of such a material to such a thickness that the electrode 
50 may have a transmittance of at least 80% of emitted light. Illustratively, oxide transparent conductive thin films are 
preferred. For example, materials based on tin-doped indium oxide (ITO), zinc-doped indium oxide (IZO) ; indium oxide 
(ln 2 0 3 ) : tin oxide (Sn0 2 ) or zinc oxide (ZnO) are preferable. These oxides may deviate somewhat from their stoichi- 
ometry. An appropriate proportion of Sn0 2 mixed with ln 2 0 3 is about 1 to 20% by weight, more preferably about 5 to 
12% by weight. An appropriate proportion of Zn0 2 mixed with ln 2 0 3 is about 12 to 32% by weight. 
55 [0197] The hole injecting electrode should preferably have a light transmittance of at least 80%, especially at least 
90% in the light emission band, typically from 350 to 800 nm, and especially at each light emission. Since the emitted 
light is generally taken out through the hole injecting electrode, with a lower transmittance, the light emitted by the light 
emitting layer would be attenuated through the electrode, failing to provide a luminance necessary as a light emitting 
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a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/secto a thickness of 40 nm, forming a light emitting layer. 
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HOST 



DOPANT 



25 

[0213] Next, with the vacuum kept, tris(8-quinolinolato)-aluminum was evaporated at a deposition rate of 0.1 nm/sec 
to a thickness of 20 nm, forming an electron transporting layer. 

[021 4] With the vacuum kept, LiF was evaporated at a deposition rate of 0.01 nm/sec to a thickness of 0.3 nm, 
forming an electron injecting electrode. Finally, aluminum was evaporated to a thickness of 1 50 nm to form a protective 

30 electrode, completing an organic EL device. 

[021 5] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 614 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.9 volts. The 
current efficiency was 6.1 cd/A, the power efficiency was 3.3 Im/W, the chromaticity coordinates (x, y) were (0.65, 0.35), 
and the maximum luminance was 19,600 cd/m 2 . When the device was continuously driven by conducting a constant 

35 current of 50 mA/cm 2 , it exhibited an initial luminance of at least 3,200 cd/m 2 and a luminance half-life period of more 
than 600 hours. 

Example 2 

40 [0216] An organic EL device was prepared as in Example 1 except that the host material in the light emitting layer 
was changed to the following compound. 
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[021 7] A DC voltage was applied across the orgarwc EL device. Initially, the device was found to produce light emission 
to a luminance of 504 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.9 volts. The 
current efficiency was 5.0 cd/A, the power efficiency was 2.7 Im/W, the chromaticity coordinates (x, y) were (0.64, 0.36), 
and the maximum luminance was 11 .500 cd/m 2 . When the device was continuously driven by conducting a constant 
25 current of 50 mA/cm 2 , it exhibited an initial luminance of at least 2,170 cd/m 2 and a luminance half-life period of more 
than 1 : 500 hours. 

Example 3 

30 [0218] An organic EL device was prepared as in Example 1 except that the host material in the light emitting layer 
was changed to the following compound. 



35 



40 




45 [0219] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 449 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.9 volts. The 
current efficiency was 4.5 cd/A, the power efficiency was 2.4 Im/W, the chromaticity coordinates (x, y) were (0.66, 0.34), 
and the maximum luminance was 17,200 cd/m 2 . When the device was continuously driven by conducting a constant 
current of 50 mA/cm 2 , it exhibited an initial luminance of at least 2,440 cd/m 2 and a luminance halMife period of more 

50 than 1 : 500 hours. 

Example 4 

[0220] An organic EL device was prepared as in Example 1 except that the host material in the light emitting layer 
55 was changed to the following compound. 
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[0221 ] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 441 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.9 volts. The 
20 current efficiency was 4.4 cd/A, the power efficiency was 2.3 Im/W, the chromaticity coordinates (x, y) were (0.65, 0.34), 
and the maximum luminance was 35,200 cd/m 2 . When the device was continuously driven by conducting a constant 
current of 50 mA/cm 2 , it exhibited an initial luminance of at least 2,400 cd/m 2 and a luminance attenuation of up to 
10% after 1,000 hours and up to 15% after 4,500 hours. 

[0222] The host material and dopant used in this device were assessed for excitation and fluorescence spectra, from 
25 which a Stokes shift was computed. The host material and dopant had a Stokes shift of 0.06 eV and 0.03 eV, respec- 
tively. FIG. 2 shows excitation and fluorescence spectra of the host material and dopant. It is seen from these spectral 
curves that both the host material and dopant have vibration structures. 

[0223] The temperature characteristics of the device were examined to find the following luminance change on 10 
mA/cm 2 constant current driving in various temperature ranges: 

30 



-40°C to 20°C 


I < 


10% 


20°C to 60°C 


h 


3% 


-40°C to 60°C 


l< 


13%. 



[0224] After 500 hours of continuous driving at 85°C, the device exhibited a luminance change of up to 1 0% and a 
drive voltage change of less than 2 V. 

Example 5 

40 

[0225] An organic EL device was prepared as in Example 1 except that the host material in the light emitting layer 
was changed to the following compound. 
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Example 8 

[0231] An organic EL device was prepared as in Example 1 except that the host material in the light emitting layer 
was changed to a mixture of the following compounds in a weight ratio of 9:1 (the former compound is the same as 
5 used in Example 4). 
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35 The host material (mixture) and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate 
of 0.1 nm/sec to a thickness of 40 nm, forming a light emitting layer. 

[0232] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 494 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.9 volts. The 
current efficiency was 4.9 cd/A, the power efficiency was 2.6 Im/W, and the chromaticity coordinates (x, y) were (0.65, 
to 0.34). When the device was continuously driven by conducting a constant current of 50 mA/cm 2 , it exhibited an initial 
luminance of at least 2,640 cd/m 2 and a luminance attenuation of up to 10% after 2,000 hours. 

Example 9 

45 [0233] An organic EL device was prepared as in Example 8 except that the weight ratio of the host compounds in 
the light emitting layer was changed to 7.5:2.5. 

[0234] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 510 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 6 volts. The 
current efficiency was 5.1 cd/A, the power efficiency was 2.8 Im/W, and the chromaticity coordinates (x, y) were (0.65, 
so 0.34). When the device was continuously driven by conducting a constant current of 50 mA/cm 2 , it exhibited an initial 
luminance of at least 2,330 cd/m 2 and a luminance attenuation of up to 10% after 2,000 hours. 

Example 10 

55 [0235] An organic EL device was prepared as in Example 8 except that the weight ratio of the host compounds in 
the light emitting layer was changed to 5:5. 

[0236] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 534 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.9 volts. The 
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current efficiency was 5.3 cd/A, the power efficiency was 2.8 Im/W, and the chromaticity coordinates (x, y) were (0.65, 
0.35). When the device was continuously driven by conducting a constant current of 50 mA/cm 2 , it exhibited an initial 
luminance of at least 2,391 cd/m 2 and a luminance attenuation of up to 10% after 2,000 hours. 

Example 11 

[0237] An organic EL device was prepared as in Example 1 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 




HOST 



DOPANT 



The host material and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/ 
sec to a thickness of 40 nm, forming a light emitting layer. The dopant material had to be heated at 460°C or higher 
for purification by sublimation. 

[0238] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 505 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.7 volts. The 
current efficiency was 5.1 cd/A, the power efficiency was 2.8 Im/W, and the chromaticity coordinates (x ; y) were (0.65, 
0.35). When the device was continuously driven by conducting a constant current of 50 mA/cm 2 , it exhibited an initial 
luminance of at least 2,330 cd/m 2 and a luminance attenuation of up to 30% after 1 ,700 hours. 

Example 12 

[0239] An organic EL device was prepared as in Example 1 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 
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HOST 




DOPANT 



The host material and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/ 
sec to a thickness of 40 nm, forming a light emitting layer. 

[0240] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 438 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 6 volts. The 
current efficiency was 4.4 cd/A, the power efficiency was 2.3 Im/W, and the chromaticity coordinates (x, y) were (0.65, 
0.35). When the device was continuously driven by conducting a constant current of 50 mA/cm 2 , it exhibited an initial 
luminance of at least 2,650 cd/m 2 and a luminance attenuation of up to 10% after 2,300 hours. 

Example 13 



[0241] An organic EL device was prepared as in Example 1 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 




317 



EP1 148 109 A2 




DOPANT 



The host material and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/ 
sec to a thickness of 40 nm, forming a light emitting layer. 

[0242] The host material and dopant used in this device were assessed for excitation and fluorescence spectra, from 
which a Stokes shift was computed. The host material had a Stokes shift of 0.24 eV. It is seen from the spectral curves 
that both the host material and dopant have vibration structures. 

[0243] The temperature characteristics of the device were examined to find the following luminancechange in various 
temperature ranges: 



-40°C to 20°C 


! < 


-4% 


20°C to 60°C 


i < 


-3% 


-40°C to 60°C 


| < 


-7%. 



Example 14 

[0244] An organic EL device was prepared as in Example 1 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 




DOPANT 



The host material and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/ 
sec to a thickness of 40 nm, forming a light emitting layer. It is noted that the dopant material could be purified by 
sublimation at a temperature below 360°C. 

[0245] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 660 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 5.6 volts. The 
current efficiency was 6.6 cd/A, the power efficiency was 3.7 Im/W, and the chromaticity coordinates (x, y) were (0.65, 
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0.35). The maximum luminance was 55,000 cd/m 2 . When the device was continuously driven by conducting a constant 
current of 50 mA/cm 2 , it exhibited an initial luminance of at least 3,530 cd/m 2 and a luminance attenuation of up to 
10% after 500 hours. 

5 Example 15 

[0246] An organic EL device was prepared as in Example 1 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 



15 



20 



25 



30 




DOPANT 



The host material and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/ 
35 sec to a thickness of 40 nm, forming a light emitting layer. It is noted that the dopant material could be purified by 
sublimation at a temperature below 360°C. 

[0247] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 764 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 6 volts. The 
current efficiency was 7.6 cd/A, the power efficiency was 4.0 Im/W, and the chromaticity coordinates (x, y) were (0.65, 
40 0.35). The maximum luminance was 24,500 cd/m 2 . When the device was continuously driven by conducting a constant 
current of 50 mA/cm 2 , it exhibited an initial luminance of at least 4,200 cd/m 2 and a luminance attenuation of up to 
10% after 500 hours. 

Comparative Example 1 

[0248] An organic EL device was prepared as in Example 1 except that the host material in the light emitting layer 
was changed to the following compound. 
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15 

[0249] A DC voltage was applied across the organic EL device. Initially, the device was found to produce light emission 
to a luminance of 1 60 cd/m 2 when operated at a current density of 10 mA/cm 2 and a drive voltage of 6.9 volts. The 
current efficiency was 1 .6 cd/A, the power efficiency was 0.7 InVW, the chromaticity coordinates (x ; y) were (0.61 , 0.37), 
and the maximum luminance was 9,570 cd/m 2 . When the device was continuously driven by conducting a constant 
20 current of 145 mA/cm 2 it exhibited an initial luminance of at least 2,400 cd/m 2 and a luminance half-life period of less 
than 300 hours. 

Comparative Example 2 

25 [0250] An organic EL device was prepared as in Example 4 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 
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DOPANT 



55 The host material and the dopant were evaporated in a weight ratio of 97:3 and at an overall deposition rate of 0.1 nm/ 
sec to a thickness of 40 nm, forming a light emitting layer. 

[0251] The host material and dopant used in this device were assessed for excitation and fluorescence spectra, from 
which a Stokes shift was computed. The host material and dopant had a Stokes shift of 0.2 eV and 0.31 eV, respectively 
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FIG. 3 shows excitation and fluorescence spectra of the host material and dopant. It is seen from the spectral curves 
that the dopant does not have a vibration structure in the excitation spectrum, and the host material does not have a 
vibration structure in the fluorescence spectrum. 

[0252] The temperature characteristics of the device were examined to find the following luminance change on 10 
5 mA/cm 2 constant current driving in various temperature ranges: 



10 



-40°C to 20°C 


| >-12% 


20°C to 60°C 


| >-9% 


-40°C to 60°C 


! >-21%. 



Comparative Example 3 

[0253] An organic EL device was prepared as in Example 4 except that the host material and the dopant in the light 
emitting layer were changed to the following compounds. 



20 



25 




HOST 




DOPANT 



The host material and the dopant were evaporated in a weight ratio of 99:1 and at an overall deposition rate of 0.1 nm/ 
sec to a thickness of 40 nm, forming a light emitting layer. 

[0254] The host material and dopant used in this device were assessed for excitation and fluorescence spectra, from 
which a Stokes shift was computed. The host material and dopant had a Stokes shift of 0.2 eV and 0.31 eV, respectively. 
It is seen from the spectral curves that neither the host material nor the dopant has a vibration structure. 
[0255] The temperature characteristics of the device were examined to find the following luminance change in various 
temperature ranges: 



-40°C to 20°C 


i >31% 


20°C to 60°C 


! >18% 


-40°C to 60°C 


| >49%. 



55 [0256] There has been described an organic EL device which emits light to a satisfactory luminance, especially in a 
long wavelength region, is operated at a constant voltage, and has a sufficient durability to maintain satisfactory light 
emission performance over a long period of time, experience a minimal voltage rise during continuous operation, and 
undergo a minimal degradation on driving at elevated temperature. Especially when a red light emitting device is fab- 
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wherein Q is a pyrazinyl radical having fused thereto a six-membered aromatic ring containing 0 to 2 nitrogen 
atoms and may be the same or different, n is 2 or 3, and L 101 is a single bond or n-valent radical, 



wherein toX 10 , L 1 and L 2 are independently hydrogen, halogen atoms, straight, branched or cyclic alkyl radicals 
which may have substituents, straight, branched or cyclic alkoxy radicals which may have substituents, straight, 
branched or cyclic alkylthio radicals which may have substituents, straight, branched or cyclic alkenyl radicals 
which may have substituents, straight, branched or cyclic alkenyloxy radicals which may have substituents, straight, 
branched or cyclic alkenylthio radicals which may have substituents, substituted or unsubstituted aralkyl radicals, 
substituted or unsubstituted aralkyloxy radicals, substituted or unsubstituted aralkylthio radicals, substituted or 
unsubstituted aryl radicals, substituted or unsubstituted aryloxy radicals, substituted or unsubstituted arylthio rad- 
icals, substituted or unsubstituted amino radicals, cyano, hydroxyl, -COOR 1 radicals (wherein R 1 is hydrogen, a 
substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubstituted straight, 
branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical or a substituted or unsubstituted 
aryl radical), -COR 2 radicals (wherein R 2 is hydrogen, a substituted or unsubstituted straight, branched or cyclic 
alkyl radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a substituted or unsubsti- 
tuted aralkyl radical, a substituted or unsubstituted aryl radical or an amino radical), or -OCOR 3 radicals (wherein 
R 3 is a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubstituted straight, 
branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical, or a substituted or unsubstituted 
aryl radical), or at least two adjoining radicals selected from X, to X 10 , L 1 and L 2 may bond or fuse together to form 
a substituted or unsubstituted carbocyclic aliphatic ring, aromatic ring or fused aromatic ring with the carbon atoms 
to which they are attached, or L 1 and L 2 each may be a single bond, n is 1 or 2. 

The organic EL device of claim 1 wherein the at least one of the organic layers contains a host material and a dopant, 
said host material comprises at least one compound selected from the organic compounds having basic 

skeletons of the formulas (I) to (IV) and 

said dopant comprises at least one compound selected from the organic compounds having a skeleton of 

the formula (V). 

The organic EL device of claim 1 or 2 wherein in formula (V), at least two adjoining radicals selected from X 1 to 
X 10 , L 1 and L 2 bond or fuse together to form a substituted or unsubstituted carbocyclic aliphatic ring : aromatic ring 
or fused aromatic ring with the carbon atoms to which they are attached. 

The organic EL device of any one of claims 1 to 3 wherein the compound of formula (V) is a compound of the 
following formula (VI): 





(VI) 
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wherein X 1 to X 6( X 9 , X 10 , X^ to X 16 , X 19 and X 20 are independently hydrogen, halogen atoms, straight, branched 
or cyclic alkyl radicals which may have substituents, straight, branched or cyclic alkoxy radicals which may have 
substituents, straight branched or cyclic alkylthio radicals which may have substituents, straight, branched or 
cyclic alkenyl radicals which may have substituents, straight, branched or cyclic alkenyloxy radicals which may 
have substituents, straight, branched or cyclic alkenylthio radicals which may have substituents, substituted or 
unsubstituted aralkyl radicals, substituted or unsubstituted aralkyloxy radicals, substituted or unsubstituted ar- 
alkylthio radicals, substituted or unsubstituted aryl radicals, substituted or unsubstituted aryloxy radicals, substi- 
tuted or unsubstituted aryfthio radicals, substituted or unsubstituted arylalkenyl radicals, substituted or unsubsti- 
tuted alkenylaryl radicals, substituted or unsubstituted amino radicals, cyano, hydroxyl, -COOR 1 radicals (wherein 
R 1 is hydrogen, a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or unsubsti- 
tuted straight, branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical or a substituted or 
unsubstituted aryl radical), -COR 2 radicals (wherein R 2 is hydrogen, a substituted or unsubstituted straight, 
branched or cyclic alkyl radical, a substituted or unsubstituted straight, branched or cyclic alkenyl radical, a sub- 
stituted or unsubstituted aralkyl radical, a substituted or unsubstituted aryl radical or an amino radical), or -OCOR 3 
radicals (wherein R 3 is a substituted or unsubstituted straight, branched or cyclic alkyl radical, a substituted or 
unsubstituted straight, branched or cyclic alkenyl radical, a substituted or unsubstituted aralkyl radical, or a sub- 
stituted or unsubstituted aryl radical), or at least two adjoining radicals selected from X^ to X 20 may bond together 
to form a substituted or unsubstituted carbocyclic aliphatic ring, aromatic ring or fused aromatic ring with the carbon 
atoms to which they are attached. 

5. The organic EL device of claim 4 wherein the compound of formula (VI) is a compound of the following formula (VI'): 




') 



wherein X^ to X^ are as defined for X 1 to X20 in formula (VI). 

6. The organic EL device of claim 4 or 5 wherein X 1 to X 20 in formula (VI) and X 1 to X^ in formula (VI 1 ) are independ- 
ently substituted or unsubstituted aryl, alkyl, alkenyl, alkoxy or aryloxy radicals. 

7. The organic EL device of any one of claims 4 to 6 wherein at least one of X, to X 20 in formula (VI) and X 1 to X44 
in formula (VI 1 ) is an ortho-substituted phenyl radical. 

8. The organic EL device of any one of claims 4 to 7 wherein in formula (VI) or (VI'), either one or both of X, and X 4 
and/or either one or both of X 1t and X 14 are ortho-substituted phenyl radicals. 

9. The organic EL device of any one of claims 1 to 8 wherein said at least one of the organic layers contains at least 
one organic compound having a basic skeleton of the formula (I). 

10. The organic EL device of any one of claims 1 to 9 wherein said at least one of the organic layers contains at least 
one organic compound having a basic skeleton of the formula (I) and at least one organic compound having a 
basic skeleton of the formula (II) at the same time. 

1 1 . The organic EL device of any one of claims 4 to 1 0 wherein at least one of the organic compounds has a vibration 
structure in both an excitation spectrum and a fluorescence spectrum. 

12. The organic EL device of any one of claims 4 to 11 wherein at least one of the organic compounds has a Stokes 
shift of up to 0.1 eV. 

13. The organic EL device of any one of claims 4 to 12 wherein the host material in a light emitting layer has a greater 
electron affinity than an electron transporting layer and/or a hole transporting layer. 
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14. The organic EL device of any one of claims 1 to 13 wherein the organic compound having a basic skeleton of the 
formula (I) is one wherein at least two of Q 1 to Q 8 are substituted or unsubstituted aryl radicals. 

15. The organic EL device of claim 14 wherein the organic compound having a basic skeleton of the formula (I) is one 
wherein at least six of Q 1 to Q 8 are substituted or unsubstituted aryl radicals. 

16. The organic EL device of claim 14 or 15 wherein the organic compound having a basic skeleton of the formula (I) 
is one wherein at least two of Q 1 , Q 2 , Q 3 and Q 4 are substituted or unsubstituted aryl radicals. 

17. The organic EL device of any one of claims 14 to 16 wherein the organic compound having a basic skeleton of 
the formula (I) is one wherein at least four of Q 1 , Q 2 , Q 3 and Q 4 are substituted or unsubstituted aryl radicals. 

18. The organic EL device of any one of claims 14 to 1 7 wherein at least two of the aryl radicals represented by Q 1 , 
Q 2 , Q 3 and Q 4 have aryl radicals substituted thereon. 

19. The organic EL device of any one of claims 2 to 1 8 wherein the at least one of the organic layers contains 80 to 
99.9% by weight of the host material. 

20. An organic EL device wherein at least one of organic layers contains at least one organic compound having a 
basic skeleton of the formula (I) as set forth in claim 1 6 and at least one organic compound having a basic skeleton 
of the formula (IV). 

21 . The organic EL device of any one of claims 1 to 20, further comprising at least one hole injecting and transporting 
layer. 

22. The organic EL device of any one of claims 1 to 21 , further comprising at least one electron injecting and transporting 
layer. 

23. An organic EL device comprising one or more organic layers between a pair of electrodes participating in at least 
a light emitting function, wherein the one or more organic layers contain organic compounds, at least one of which 
has a vibration structure in both an excitation spectrum and a fluorescence spectrum. 

24. An organic EL device comprising one or more organic layers between a pair of electrodes participating in at least 
a light emitting function, wherein the one or more organic layers contain organic compounds, at least one of which 
has a Stokes shift of up to 0.1 eV. 

25. The organic EL device of claim 24 wherein a host material in a light emitting layer has a greater electron affinity 
than an electron transporting layer and/or a hole transporting layer. 
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FIG. 1 
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FIG. 2 
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